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late Prof, S. P. Eigaud in his llistorieal Essay on the, first 
publication of Sir Jsaae Netaton's Principia, Oxford, 1838, an 
admirable exposition of the facts then known. Both these 
works, however, are now out of print*, and I think that a time 
has come when it may he useful to collect from these and other 
sources the references to the leading events in the preparation 
and publication of the Principia. Except for a few lettera 
hitherto unpublished, which are given below in chapter viii, 
there is not much that is new in the following piges, but the 
documents quoted have not before been collected in a single 
memoir, and I hope that the whole will provide a convenient 
summary of what ia known on the subject 

This sketch of the origin and history of the Principia falls 
naturally Into six divisions. These deal (a) with Newton's 
investigations in 1666; {b) with his investigations in 1679; 
(c) with his investigations in 1684, of which the chief results 
are embodied in the De Motu of 168S; (d) with the com- 
pilation and publication of the Principia, 1685-lti87 ; (e) with 
the contents of tlie Principia; and (/) with the subsequent 
history of the work and the preparation of the later editions, 
but this head I do not propose to discuss in any great detail. 

The hulk of the manuscripts and correapondenee of Newton 
on scientific subjects which are now extant are in four collec- 
tions : namely, (i) that in the possession of the Eoyal Society, 
(ii) the Portsmouth Collection, (iii) that in the Library of 
Trinity College, Cambridge, and (iv) that in the Macclesfield 
Collection. 

(i) The papers in the possession of the Eoyal Society include 
or are copied from the originals of Newton's communications 
to that Society. These were examined by Eigaud, and many of 
the more important of them, together with other contemporary 
documents referring to them, are printed in the appendix to his 

** A new edition, by Mr, Lyun, o! Brewstev'a popular life of Newton, 
origioallj iasaed in 1831, was publiahed in London in 1875; but moat 
of the correspond en OS gicen in the appendices to the 1860 editioa is 
omitted. 
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ISTRODUCTOET. S 

Essay. I believe that these tranaoripts are accurate, and I 
therefore give references to them as being, to most readers, 
more aooeasible than tte originala. 

(ii) The papers which wore in ITewton's possession at his 
death came into the possession of Mr. Conduitt, who in 1717 
had married Catherine Barton, Hewton's housekeeper and 
favourite niece. The only child of Mr. and Mrs. Conduitfc 
married Lord Lymington, and through her the papers passed 
into the poaseseion of the Portsmouth family. The portion of 
the collection which ia concerned with science was presented to 
the University of Cambridge by the present Earl of Ports- 
mouth, and a descriptive catalogue of the whole collection was 
published by the University in 1888, 

The Portsmouth Collection contains holograph manuscript 
copies of the Principia, lists of proposed additions and cor- 
rections to the third as well as to the second edition, various 
notes on the subject, and numerous sheets of calculationa and 
rough work. Besides these there are a good many papers on 
the lunar theory which have not been printed or described 
except in the Porfamouth Catalogue. 

An acquaintance with the contents of this collection is neces- 
sary for any complete account of the history of the Principia or 
a critical edition of it. Unfortunately it was never examined 
by Eigaud, and he knew only generally of its existence. It 
was put at the disposal of Horsley when he was preparing the 
edition of Kewton's works which was issued in 1779-1785, but 
he did not make much use of it. It was also placed in the 
hands of Brewster for his above-mentioned life of Ifewton, and 
in that work allusion is made to several of the mathematical 
papers contained in the collection, and a portion of the 
correspondence is printed, 

(iii) The collection in the Library at Trinity College, 
Cambridge, has been obtained from various sources. 

The larger part consists of the letters from Xewton to 
Cotes relative to the preparation of the second edition of 
the Pritidpia. After Cotes's death these letters came into 

B 2 
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INTEODUCTOEY. 

1 of his cousin, Eobert Smith, v 
them to Edward Howkins, who ia his tarn bequeathed them, 
in 1779, to the College, where they have since remained. By 
order of the College they, together with drafts of tlie eorie- 
sponding letters from Cotes to Ifowton and various other New- 
tonian papers, were printed in 1851, under tho care of Dr. 
Edleston, 

This collectioa also contains the four letters of 1692 and 
1693 from Kewton to Bentley, which were given hy Bontley's 
nepliew and executor to Richard Cumherlaud, who published 
them in 1756, and subsequently presented tliem to the College, 
From the same source is derived Newton's note on a course 
of mathematical reading which would give that preliminary 
knowledge of the eabject necessary for the comprehension of 
the Prindpia. 

The letter of Kov. 28, 1679, from Newton to Hooke, and 
the memoranda of Hooke on the controversy concerning the 
origin of the law of inverse squares, were recently purchased 
by tho College, and are printed below for the first tima 

(iv) The Macclesfield Collection at Sberbom Castle con- 
tains the greater part of the library formed by William Jones, 
which, besides his own correspondence, included the libraries 
and papers of Collins, Oughtced, and others. This came into 
the possession of Lord Macclesfield on Jones's death in 1749. 
The letters in this collection were published by Eigaud under 
the title, CorrespojidBJiBe of Scimtifie Men of the aevrnteenth 
century m the coUecUon of the JEarl of MaedesfLdd, Oxford, 
1S41, and a much-needed table of contents and index were issued 
in 1862. This book contains more than fifty letters from Newton 
himself, besides others with reference to his works. It would 
seem that the mathematical manuscripts in the collection {other 
than the letters) have not been catalogued or even carefully 
examined*. Eigaud, who saw them, says they " contain a 
"number of Newton's own MSS.," and it is likely that, but 

' Do Morgfui in the Athcnaeiim, Oct. 18, 1862, p. 491, col, 1. 
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for Eigaud'a premature death, lie would have read tliem and 
published the results. Until the whole of this collection has 
been examined by some competent mathematician we cannot 
be sure that we have all the available data before us, but it 
would seem probable that the bulk of the documents in it are 
not directly connected with the history o£ the Prindpia. 

Eesidea the four collections mentioned above there are 
letters from Newton in many public libraries, notably in the 
British Museum and in Corpus Christi College, Oxford. To a 
few of these letters I allude below, but most of them are on 
matters unconnected with the Pnmipia. 
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INVESTIGATIONS IK 16G(S. 

It was in the year 1G68 that ITewton began to investigate 
the question of gravitation. He liad taken the degree of B.A, 
in 1665, and, having thus completed the eailier part of hia 
University course, he had leisure to pursue in hia own way 
such studies as he pleased. Owing to the prevalence of the 
plague at Cambridge, he lived for a considerable part of the 
years 1665 and 1666 at his home in Lincolnshire, and it was 
there that the investigations described in this chapter were made. 

The question of gravitation was one of the problems of the 
time, hence it was natural that he should consider it. It is, 
however, probable that at tliis period his enquiries on the 
subject were but of a alight character, and would have passed 
almost unnoticed had they not proved the earliest steps to hia 
later discoveries. 

His conclusions were not published, nor, as far as we know, 
are they contained in any manuscript now extant; but the 
following authorities enable us to form a general idea of their 
character and extent. 

(i) Firat, there are allusions to the subject in letters from 
jSfewton, dated June 20, 1686, aad July 14, 1686, which are 
printed Mow (pp. 156-162, 165). 

(ii) Secondly, I may refer to the Portsmouth draft me- 
morandum*, which he wrote somo years later — perhaps about 
■■ Portsmouth Collection, section i. diviaion xi. niirabec 41. 
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1714. The original is cancelled, and hence it is not indisputahle 
evidence; but it is believed that, except for certaia dates in 
the paragraph next helow, it is substantially correct. This 
draft 13 as follows : 

1 found tie Method [of Sasioiis] by flegreaa in the yeare lfi65 and 
16G6. In the begmniag of tbe year 1665 I found the method of 
approximating Series and the Rale for reducing gey dignity of any 
Binomial into such a series. The same year in ilay I found the mothod 
of tangents of Gregory and Sluaius, and in November had the direct 
method of fldxiona, and the nesfc year in January had the Theory of 
ooloure, and in ilaj following I had entrance into y'^ inrerae method 
of flusione. And the same year I began to think of gravity extending 
to y^ orb of the lloon, and haying foimd out how to eatimate the force 
•withrit ^'' |"a"| globe revoIyiDf- •within a ayherc pr eaa ea the anrface o f the_ 
sphere .from Kepler's Bale of the periodical timeE of the Planets being 
jn a Eosquia Iterate proportion of their diatanoes from the centers of 
then Oiba I deduced that the forcea w''' keep the Planets in their 
Oiba must [he] reciprocally aa tho squares ot their diatances from the 
centers about w'^'' they revolve : and thereby compared the force 
reiiuiaite to keep the Moon ia her Orb with the foroe of gravity at 
the surface of the earth, and found them answer pretty neady. All 
this ivaa in the two plague years of 16G5 and 1666, for in thoae days I 
was in the prime of my age for invention, and minded Matberaaticts 
and Philosophy more than at any time ainoe.; What Mr. Hugens has 
published since about centrifagal forces I snppoae he had before me. 
At length in the winter between the years 1676 and 1677 [probably this 
should be 1679 and 1680] 1 found the Propoaition that by a centrifugal 
force reciprocally as the square ot the distance a Planet must rev"olve 
in an Ellipsis about the center of the force plaoed in the lower nuibilicua 
of the EEipaia and with a radias drawn to that center describe areas 
proportional to the times. And in the winter between the years 1683 
and 16S4 [this should be the winter between 1684 and 1685] this 
Propoaition with the Demonatration waa entered in the Register book 
of the E. Society. 

And on the next page, S'ewton continues : 

By this Method [of fluxions] 1 invented tho Demonstiution of 
Kepler'a Proposition in the year 1679, and almost all the rest of the 
Difficalter Propoeitiona of the Book of Principles in the years 1681, 
1685, and part of the year 1686, 
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Wretohes, were ignominionily studying the flotitions HypotieBeB of the 
Carteaia/ik, whioh Sir Isaa he t had also h meelf done fo merlv aa I 
have heard him say What the Ocoas on of Sir I a fe- to a heaving 
the Cartesian, Ph losophy anl of d fcoorer ng h b amia ng Theory of 
Gravity was, I have hea'd h m 1 ng ago sooa afte my fiiat Ac- 
quaintance with h m wh oh was 1G94 th s elate and of which 
Dr. Pemberton gives the 1 JvC ioooimt and aomcwhafc more fullv in the 
Preface to his Eapbcatjon of h s Philosophy . It vrae th s. An 
Inclination came into Sir Isaac's Mind to try, whethec the same Power 
did not keep the Moon in her Orbit, notwithstanding her projectile 
Velocity, which he knew always tended to go along a strait IJne the 
Tangent of that Oi'bit, which makes Stones and all heavy Bodies with 
US fall downward, and which we call Qravit'^ ? Taking this Postulatum, 
which had been thought of before, that such Power might decrease, 
in a duplicate Proportion of the Distances from the Earth's Center. 
Upon Sir Isaac's first Trial, when he took a Degree of a great Circle on 
tho Earth's Surfaoe, whence a Degree at the Distance of the Moon vtas 
to be determined also, to be 60 measured Miles only, aooording to the 
gross MaaEnres then in Use. He was, in some Degree, disappointed, 
and the Power that restrained the Moon in her Orbit, measured by the 
versed Sines of that Orbit, appeared not to be quite the same that was 
to be expected, had it been the Power of Gravity alone, by which the 
Jloon was there inBueno'd. Upon this Disappointment, which made 
Sir Isaac suspect that this Power was partly that of Gravity, and 
partly that of rarfesiiis'a Vortices, he threw aside the Paper of his 

M I s f the Life of Mr. William WMston hy Mmself, London, 
174<> vol 1 IP 35-38. 
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Calculation, and weat to other Studies. Howeyer, some time after- 
ward, when Monsienc Picart had much more esactly measured the 
Earth, and found that a Degree of a great Circle was 69^ auoh Milep, 
Sir Isaac, in turning OTBr some of hia former PaperB, light [ed] upon thia 
old imperfect Calculation ; and, correcting hie former Error, discover'd 
that this Power, at the true correct Diatanca of the Moon from the 
Earth, nob only teuded to the Earth's Center, as did the common Power 
of Gravity with na, but was exactly of the right Quantity j and that if 
a Stone was carried up to the Moon, or to 60 SBmid[i]ameters of the 
Earth, and lot fall downward by ita Gravity, and the Moon's own 
menstrual Motion waa atopt, and she was let fall by that Power which 
before retained her in her Orbit, they would esaotly fall towards the 
same Point, and with the same Velocity ; which waa therefore no other 
Power than that of Gravity. And since that Power appear'd to eitend 
as far as the Moon, at the Diatance of 240000 Milea, it was but natural, 
or rather necessary, to suppose it might reach twice, thrice, foul 
Times, ^c. the same Distance, with the same Dimicutloo, acoordiug to 
the Squares of anch Distances perpetually. Which noble Discovery 
proved the happy Occasion of the luveation of the wonderful 
Sevitonian Philosophy. 

(tv) Fourthly, a sketch of the history of tlie subject is 
given in the preface by Pemberton to his Yieto of Sir Isaac 
Newton's PMlosopky, London, 1728, and the information aeema 
to have been derived direct from Kewton's conversations in 
1725 or 1736. The portion of the preface which bears on this 
point is aa follows : 

The first thoughts, which gave rise to his Pr p h 1 1 wh h 
retired from CainbriSije in 166S on account of th plag A h ea,t 

alone in a garden, he fell into a speoulatiou on h p w f ^ ty 
that as thia power is not found sensibly dimin h d t th m t t 
distance from the center of the earth, to which w th 

the tops of the loftiest buildioga, nor even th mm t f th 
highest mountains; it appeared to him rcaaonabl t 1 1 h th 

power must eztecd much farther than was usually th ght wl 
high as the moon, said he to himself ? and if h m t m t b 
influenced by it ; perhaps she is retained h b t th by 

However, though the power of gravity ia not ae 1 ly w k d h 
little change of distance, at which we can pi 1 f m th 

center of the earth; yet it is very possible that h h th m 
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10 INVESTIGATIONS IK lfiG6. 

this power may diSer muoh in strength fpom what it is here. To mske 

an eatimate, what might be the degree of this diminution, he considered 

with himaelf, that if the moon be retained in her orbit by the force of 

gravity, no doubt the primary planets are carried round the san by the 

like power. And by comparing the periods of the several plauets with 

their ^istanoes from the ann, he found, that if any power like gravity 

held them in their courses, its strength mnati decrease in the duplicate 

propoitioa ot the inereaee of distance. This lie conclnded by supposing 

them to move m perfect circles oonoentrioal to the sun, from which the 

orb ts of the greatest part of them do not much differ. Supposing 

thereto e the [ ower of grayity, when estended to the moon, to decrease 

IE. the fame n anner, he computed whetlior that force would be 

S fhtient to keep the moon in her orbit. In this computation, being 

absent fiom Itooks, he took tho common estimate in use among 

geographers and onr eeamen, before Nonoood had moaanred the earth, 

that bO English miles were contained in one degree of latibiide on the 

suifaoe of the earth. But as this is a very faulty supposition, each 

degree containing about 69^ of onr miles, his computation did not 

answer expectation; when h 1 d i th th t 

at least join with the actio 

this account he laid aaide 

this matter. But some y 

Dr. Hoolee, pat him on inqi g 

body let fall from any hig ce 

earth round its axis into a 

motion, which by the revo ea 

falls, ia to be considered 

drawn down to the cente 

resuming bis former tho 

Prance having lately mea ed g 

moon appeared to be liept 

and consequently, that th 

center of the earth in the a o .J 

Upon this principle he found the line described by a falling body to be 

an ellipsis, the center of the earth being one focua. And the primary 

planets moving in auoh orbits round the sun, he had the satisfaction to 

see, that thia inquiry, which he had undertaken merely out of cariosity, 

could be applied to the greatest purposes. Hereupon he composed 

near a dozen propogitions relating to the motion of the primary planets 

about the sun. Several yeara after this, some diaeourse he bad with 

Dr. llallsy, who at Gamlridge made him a visit, engaged Sir Isaac 

Ifeiofoii to reaume again the consideration of this subject; and gave 
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ODcasitn to bi9 willing the tie^ti^e which he puWiehed under the 
title of mathBmatica] pmicipleH of natural phil)3ophy This tieatiae 
full of BUcL a Tanety of prcfound ln^ectlons, was ootnpoeed by him 
f om aoa oe any other materials than the few piopositiona before 
ni a one u ha Space of ono year and an half 

It Till 1 6 noticed that tlie above authorities deal but 
1^1 tly w tl the investigations of 1666. We may, liowever, 
nf f om tl em (a) that in 1666 Newton helieved it probaWe 
thit the for e vh eh retained the moon in its orbit about the 
earth vaa the same as terrestrial gravity ; (b) that ho tried to 
ver fy tl la on the hypothesis that the lunar orbit was a circle 
having the earth as centre ; (c) and that he concluded from his 
calculations that gi'avity extended to the moon, and in a 
general way varied inversely as the square of the distance. On 
the other hand it should be added that his papers and oorre- 
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12 INVESTIGATION'S IN 1666, 

stated to lie the fact by Conduitt *, who, as the frienii and 
assistant of i^"ewtoii at the Mint, and as the husband of 
Sewton's favourite niece had exceptional means of information. 
It was repeated litei by Mrs Cond iitt in a conversation with 
Voltairef. It i also mentione 1 by E, Greene^ on the 
authority of Mart a F)lke the "\ ic President of the Eoyal 
Society during the laat few yeiis of Jfewton's tenure as 
President, than ■whom no one wo II be more likely to have 
heard the story fiom Newton, It will bo noticed further that 
it is quite consistent with the interesting sketch of the chain of 
reasoning followed by Newton which, is given by Pemberton, 
and which he expressly says originated when Newton was 
sitting in the garden. Finally the story is confirmed by local 
tradition, and the reputed tree was tended so carefully that it 
was kept alive nntil 1S30§, 

(6)T n ¥n hbfmn 

harhtoba m nhn 

ha IS ha h 

bdmds dbm 



BT S Q m d 06 pU. 

Cdmin m dB pH) 

f V E P .Ww 01 738 B b 

edt V m ssvi p 96 

t TJ P p P E:p ndC (*■ 

Forces, Cambridge, 1727, p. 873. 

§ BrewBter, vol, i. p. 24; vol. ii. p. 340, note; ace alao Biot, 
Jownwl des 3a'oan$, 1832, p. 265. 



y Google 



LAW OF CENTEIPETAL FOECE, 13 

two steps, aa follows. Let v be the velocity of the moon 
treated as a particle, r the radius of its circular orbit, T its 
periodic time, and/ the acceleration to the centre of the circle. 
In the first place he proved the result / = v^jr, and next 
deduced that/ varied inversely as )■-. 

It is not unlikely that the first part of his proof was that 
given below, At the close of his letter to Ilaliey of July 14, 
168S, and mentioning the form in which he proposed to print 
the scholium to prop. 4 of hook i. of tho Piinaipia, he says : 
" in turning over some old papers I met witli another demon- 
"stration of that proposition which I have added." This 
demonstration is aa follows ; 

d ■ 1 'ga 1 gonum laterum quotcunq ; 

E g locitate movendo, ad ejus 

g gn a singulis reflezionibns im- 

gi m q ! summa virium ia dato 

tem m Biionum oonjunctim, hoo 

( P g ) g do dato ilio tsmpore da. 

gi Eidium circuli; id est ut 

m g m Eadiam ; adeoqi si Poly - 

g m la di am ciruulo, ut quadratam 

m m d mdium. Haec est viti 

[ g huio aeqnalis est vi3 con- 

Th d d w now easy*. We have 

J -jjr/,r, hut, bylv.pe s d w, ^ varies as r^ ; hence 

■d^ a rVra o: J^/r* a 1/r. 
Therefore f=v'/r <x ljr\ 

It remained to apply this proposition to sliow that the 
centripetal force on the moon was the same as gravity. Pre- 
sumably Newton's method of verification was the same as that 
which he published subsequently t when he used more accurate 

* Principia, book i. prop. 4, oor. 6; or I>8 Moiu, theor. 3, cor. 5, see 
below, p. 87. 

+ Principia, book iii. prop. 4. Newton diaouHsed the question in 
more detail in tlie eeoonfl and tliird editions in a corollary to book iii. 
prop. 37. 
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14 INVESTIGATIOUS IN 1666. 

data. This wa as f 11 He calculated the apace x tlirough. 

which the mo n ( n J d a a paiticle) was drawn towards 
the earth in on nd H knew the epace x' through which 

a particle neat th fa f the earth was drawn by gravity 

in one second t ab t lb 1 feet. If his calculation showed 
that the ratio ft w n feraely as the ratio of the squai'S 
of the distance of the moon from the earth's centre to the 
square of the distance of the particle from the eaith'a centre, 
it would follow that the force which kept the moon in its 
{circular) orbit was the same as gravity, 

Newton made the numerical calculations, " though," as he 
says, "not accurately enough," Most hkely they were made 
in the same way as that given in the proposition above alluded 
to. Tliis was aa follows. The mean distance of the moon 
may ha taken as 60a where a is the radius of the earth ; the 
periodic time of the moon is 39,3i3 minutes. Hence, in one 
minute the moon describes an arc Sw x GOci/SOSiS, and, there- 
fore, is drawn towards the earth through a distance equal to 
the versine of this arc. If a be taken as 4,000 miles, this 
distance is about 16 English feet, and it would follow that in 
one second the rnooH would be drawn through a distance x 
equal to 16/(60)^ feet; thus the moon and a particle near the 
earth would be drawn towards the earth in one second through 
spabea very nearly inversely proportional to the squares of their 
distances from the earth's centre ; taid the approsimation is so 
close that we might reasonably infer that the force which keeps 
the moon in its orbit is the same as gravity. 

This veiification requires that the value of a, the earth's 
radius, shall be known approximately. M^ow, Pemberton and 
Whiston agrei, thit Ifewtou assumed that a degree of latitude 
on the earth contained 60 miles (whereas, in fact, it contains 
about 691 miles) This is equivalent to saying that Newton 
supposed that the ladms of the earth was lOSOO/ir miles, i.e. 
rather more thin 3,400 miles (whereas, in fact, it contains 
about 4 000 mil s) Honce his value of a was about one- 
i,i-,hth too small, ind thus his calculations seemed to show that 
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raVESTIGATlOKS IK 1G66. 15 

in one second the moon fell through only seven-eighths of tho 
distance throxigh which gravity alone would have pulled it ; 
the calciilation with his data gives x=13-9. . feet. 

This discrepancy does not appear to have shaken Newton's 
faith in the view that gravity, diminishing inversely as the 
square of the distance, acted ou the moon, hut led him to infer 
that some other force acted as well; and Whiston adds that 
ITowton believed the other cause to be " Cartesius's vortices," 



that Kewton's "computation did not 
whence he concluded that some other 
join with the action of the power of 

m of so inaccurate a value of the radius 



while Pemberton stal 
"answer espectation 
" cause must at least 
"gravity on the 

Kew ton's assumpti 
of the earth is somewhat strange. Eigaud, however, pointed 
out* that this value had been given by Edward Wright, of 
Cains College, Cambridge, in 1610, in his Oeriaine Errors in 
Navigaiion, and conjectured that it was not unlikely that this 
book was a standard one in the University, and thus that the 
result might have been familiar to Newton ; this opinion is 
somewhat strengthened by the fact that I have found among 
the library left by Robert Smith {B.A., 1711) a copy of the 
edition of 1657 of "Wright's worlc, which seems to have been 
purchased by Smith as a second-hand book, and, from its 
appearance, may be not unreasonably suspected to have been 
a student's University text-hook. To this edition a note is 
prefixed caUing attention to some new matter inserted therein 
on a "demonstration for the finding of the quantitie of the 
"Earth's Semidiameter," and the result of tho calculation 
[p. 95] is that the radius is 18,312,631 feet, that is, about 
3,468^ miles, which gives for the length of a degree of 
latitude almost exactly 60 miles. 

It seems not unlikely that this was the source of Newton's 
error. At the same time it should be observed that fairly 
accurate estimates of the earth's radius were then current. In 

* Rigand, pp. i!-12. 
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an appendix* to tliis very edition of 1657 of Wright's work the 
length of a degree of latitude is taken aa ITj leagues or 
350,000 feet, that is, ahout 66^ miles. Eut Kotwood's 
estimatet, first published in 1636, of 367,196 feat for the 
length of a degree was in common use in 1666, and is snh- 
stantially eori'ect— it would have made x almost exactly equal 
to 16 feet. Even Willebrod Snell's estimatet, ™a<ie in 1617, 
of 28,473 Rhinland perches for the length of a degree, is 
equivalent to taking a value which gives x equal to 15'5. . feetj 
and this estimate was prohahly known to Newton, as it is 
specifically mentioned by Varenius in his Geograp]iia%, Amster- 
dam, 1650, of which Kewton himself brought out au edition in 
1673, though, as this edition contains several numerical mis- 
statements, it may be that H'ewton did not attach mucli 
impoitance to it oi levise it carefully. 
No douht Newtm would take ' ' 

p b t J f h -a a t w 1 

■wh hw b tfmhl Itth 



1 w tb t tl th 
It 1 



tl t 



t tl 1 y h h Jd t 1 



if N wt n tt h d J oil 



b t t Uy 



h k d th 
pi t 



t 1 f 



f tl d t 1 1 d d 
nl th f tth th 1 
ly -n d th pt 



1 1 t ns 
Id h 
bly th 
t t 



and 

\\^ dthth Idfett Ijttd 

bis w p 11 f t d 

th th h d th 1 t r f A 1 m t 1 1 tl t h 
believed that Pemheiton and Whiston were mistaken as to the 
insufficiency of the verification. Newton knew that the orbit 
was not actually cironlar, and that hia numerical data were 
only approximate ; hence he could have expected only a rough 

* The Sioisvm of the whole Art of Naviijation, p. 6. 

+ The Seaman's Practice, London, 1636, ohap. ii. 

t Eratoathense Batavwa, Leyden, 1617, p. 197- 

g E. VaremuB, Qeogru^kia,'hooki. chap, ir. (p. 39 m odidouof 1650). 
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verification of tlie hypothesis, and as he asserted {see above, 
p. 7) that he found hia results agree or "answer pretty 
"nearly," Prof, Adams considered that these calculations were 
sufficient to convince ITewton that it was gravity alone that 
retained the moon in its orbit, and further he strongly suspected 
that E^ewton already believed that gravity was due to the fact 
that every pirticle of matter ittra't? every other particle and thit 
th tt t d th r ' t f th m d ly 

tl i f th d t b tw tJ m 4. y 1 th t 

PfAlmsp 1 th bjtrat y twit 
dthmtt hhmybf lylftotl jdm t 

f th d Ft t ly ti 1 t wh tl N" t in 

IfCC t th lis th t ty Ij th 1 f 

( P ml t d Wl t I ly) wh th 1 th m 

t th 1 th t t th 1 by hi h th 

m tdtbt ptlym[ tant 

V tl d bt t wh t 1 1 It m t ly 

w d th ri t f tl 3 t wh h d h m If 

tl t vity ffi t b t If i th t th C t 

t Id t t ly tt f tq, n 

t t 
It m y h d1 I th t t ifi t t ly 

ml I h pp tl t f th d t 1 t Ic 

ro 41.00 mU th 1 t 1 1 t 1 d t It 

f Ij t t tl tl h>p tl la tl t tl t d 

Ij t ^ t b t wh tl t t 1 bl d ta 

d f d t mm th 1 t f tl tw 

t m t t 11 1 f d tl t th It ly 

PI xun t ly th tl It d d d f tl 1 yp tl f 

t Uy tl m It bj t t m 1 tirl 

t h h m t lly ff 1 1! It 
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CHAPTER in. 

INVESTIGATIONS IN 1679. 

Whatever were Kewton's conclusions in 16G5, there ap- 
pDars to be no doubt that he did not pnrsue the subject again 
until the year 1679, though in or about 1677 he c 
with Wren and Donne*, and explained his vii 
to the law of the inverse square of the distance according to 
which he supposed gravity to act. 

In 1679 his attention was recalled to the question by some 
correspondence with Hooke. All Isut two of the letters that 
passed between them, at this time are printed bolow (chapter 
viii. A. 1-7), as also the subsequent comments of M"ewton 
(chapter viii. B. 2, 4, 6, 7) aad of llooke (chapter viii. A. 8). 

This correspondence— especially the letter from B^ewton 
of Nov "^ 1679 — will be read with interest but its chief 
al 1 in th f t th t 1 1 d K t tt t n t 

th 1 bl m f 1 1 t 3 m t It w 11 b t, 

hw t m ylflth pi tlf 

On N" 4- IC H k t h q t f th E j 1 S ty 
vr t f lly 1 tt t ^ t n p 1 p th t 

1 w Id t t m k mm t t tli 8 ty d 
of mm h m f th It f t tih n 

t g t n m g tl t tl t P d and th 

inakm^ geodetioal obseivations la France. In ^Xevvtona reply, 
dated Nov. 28, 1679, he said that he had ceased to interest 
* Newton's letter of May 27, 163G, printed below, p. 153. 
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COEEESFOKDEKCB WITH HOOKE. 19 

himsolf ia philosophy, except as a diversion from other studies, 
but from a feeling of courtesy he discussed some o£ the 
opinions quoted by Hooke, and mentioned that it had occurred 
to him that a demonstration of the earbh's rotation on its axis 
might he obtained by seeing whether a atone, when falling 
freely, deviated in an easterly direction from the perpendicular, 
and added that the free path was part of a spiral which passed 
through the earth's centre. The letter was read to the Society 
on Dec, 4, 1679, and they asked Hooke to make the experi- 
ment suggested by Newton. On Dee. 9, 1679, Hooke wiote to 
Newton and stated (i) that the stone would fall to the south- 
east (and not to the east) of the perpendicular, and (ii) that 
the path of a falling body would be " an excentrical elliptoid" 
and not a spiral*. ^Sewton's roply ia missing, but in it he 
seems to have admitted the justice of these criticisms, and, in 
writing aho t tl latte p it, to have worked out the path of 
a particle mo g nd avity on the concave surface of an 
inverted cone f wh h he assumed (correctly) that gravity 
was sensiblj n tant In Hooke's answer, dated Jan. 6, 1680t, 
he stated that he upt sed that the attraction always varied 
e qua e f the distance ; he also alluded to the 
y of explaining the planetary motions ; and he added 
further that the experiment suggested by Sewton in his first 
letter had been successful On Jan, 17, Hooke wrote again, 
saying thai the experiment had succeeded; and he concluded 
by reverting to the question of motion under a central attractive 
force, assuring Newton that if he had time to eonsidec the 
matter, a word or two on his thoughts would be grateful both 
to Hooke and to the Eoyal Society where the problem had 
been discussed. 

* Some doubt has been espreased as to whether by an ecceutrica,! 
elliptoid Hooke meant merely an oval curve Or meant an esact ellipse. 
His letter of Jan. 17, 1680 (aae below, p. US), seams to mate the first 
of these views the more probable. 

t That is, Jan. 6, 16ff , or aa it is sometimes written 1679-80. I 
uanally write such dates aa i£ the year waa taken for all purposes to 
begin on Jan. 1. 

C 2 
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■20 INVESTIGATIONS IN 1679. 

Thi p d a y P mb rt j t Iv t 

inqui & wli t w tl 1 bj, h h b dj I t f 11 

from yli 1 ll d d t k £, tl t f th tl 

■round t t It S li b Ij h vi tb 

■samemtD hi h by th It f tb th tb jl 

'bas -wh t f II t b id 5 j t d f w d 

'• and at tb m t m d wn d wn t th t i th th 
'Thisg t h m g b f m tl hts 

' cerni th m 1 P t F h 1 t ly 

'meas d th th ?y h m m tl m n 

' appea d t 1 I pt in 1 b fc p ly by tl p w t 

"gravit d q tlj th t tl j w 1 y 

■d f m tb t f th tb in tb m nil b li d 

formerly j t d 

Th q t th 1 tl p rt 1 p J t d nd 

a force y Ij th j f tl d t f m 

a fixed p mt d d t d t t w Id d b Ibp 1 y 

Keplei fitlwthilt kwntd U th 

hypoth f th 1 w f th q £ th 1 t 

Newto f 1 tb h d b d 1-y f U 1 ly t b 
" ellip tl t f th th b g f A i tl 

"piiin jjltm m hit dtl hhd 

" the t f t to tb t this im y h h 1 hi 

" unde t k m ly t f ty Id be ] pi d t 

" the g t t p 1 H pi mp i In 

" prop t Itgtthmt ftbpmyplnts 

" about th 

Tb t t m t m d by N wto ^ w th th nt 

Thus N wt h 1 tt t H II y f Jily 14 16 6 y 

that HI I tte n d my fi d ^ th th 1 f 

" dete gfiueawbhwbnihdt imth 11 p I 

" thre tl 1I 1 t by lie n p n th t d S 

again tlltmbdft( b p)^t 

* Pemberton's acoormt, see abore, p. 10. 
■|- Ibid, see above, p. 10. 
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referring to his investigations of this period, says that he 
"found the Proposition that hj a centrifugal force recipiocally 
"as the srmaie o± the distante a Planet must revolve in an 
"Ellipsis aho^it the center of the force placed in the lower 
" umhiliciTi. of the Elhpii'i and with a radius drawn to that 
"center describe aiea? propoitional to the times." finally, 
Conduitt's account of Newton's conversation with Halley in 
August, 1684, isconsistentwiththisstatement{seBhBlow, p. '26). 
I feel some doubt ■whether Pemherton in mentioning the 

neix a dozen pKpositions composed at tlus time was not 
thinking cf the tract De Mitu which was written in 168-1 and 
IS deacnbed later I^"ewton himself in the memonndum 
pnitted below (see p 6^) in describing hia work of this time 
mentions only the two propositions afterwiids printed in the 
P -jftfipi s as 1 ook 1 prop'! 1 and 11 but peihaps T ou^ht to 
lemml the reader that the conioiso of the kttei propos t on 
iB proved m what is punted as the first comllaiy ti piop 1% 
thou{,h it la leilly a corollary to props 11 12 ani H and a= 
fium the foiegoing aithontie" there can be no doubt that this 
lesTilt was include 1 m the diSLOveries of ISiO, it is probable 
that it was pio^el m ths waj and not as in prop 17 

■\Ye may eay, therufire that Newton at this time 
demcnstratel ( ) the ctnseivation of areia under a centiipetal 
f jrce {i ) thit, if an ell pse were descnbed about a focus under 
a centnpetal f rcQ in the focu the law was that ot the inverse 
square of the distance (iii) and convisely that the oibit of a 
particle pr ie:,ted under a centiil force varying ai the invei^e 
square of the distance waa a c nie — oi perhaps he woild have 
sai 1 an ellipse— 1 aving the centre of force in a focus 

It 13 ceitam that Newton took up tl e ubject a^ain m 
conSQtiueneo of Hooles lettero — 'icc especially the lettei cf 

Jin 17 IG'^O — hut it IS equally certa n that the whole mvcs 
tigation was due to oS ew ton \t a suhse |uent period howevei, 
Hooke claimed that no mconsi lerable shaie of the credit was 
due to him because of the asseitions or hints contained in hia 
papers as to what the result uf these im est gationa would he 
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The material parts of those papeis aie print 1 bebtt, anil the 
reader can judge for himself as tj the justice of the claim. 
Newton at once repudiated it, and in \ Iftter'' to HdUey of 
July 27, 1681), expresses, though somewhat ungriciously, his 
opinion as follows: "Though his correcting my spiral oecasioned 
"my iindiag the theorera, by which I afteiwaids examined the 
"ellipsis; yet am I not heholden to bun foi anj light into the 
" business, but only for the diversion he gave me from my othi,i 
"studios to think of these things, and for his Icgmatioalness m 
"wilting, as if he had found the motion m the ellipsii, whirh 
"inclined me to tiy it, aftei I °aw bj what method it w^s 
"to ha done " 

In fact, the suggestion made by Heoke in his lettei jf 
Jan. 6, 1680, was really a guess, 1 ut though he had the 
sagacity to divine the right conelusitn he could not — oi it any 
rate did not— verify it, and there can bp no eorapaiison between 
an unverified conjecture and a iigorou'= lemonstration such 
as Kewton gave. This question was not raised by Hooke till 
1686, and I will defer any furtboi mention tf it to chapter t 
(see below, pp. 68-73). 

No doubt Pemberton is correct in sajing tl it at thi^ 
time Wewton repeated his calculations of Itibb, and eitiofied 
himself that the centripetal force which letained the moon in 
its orbit ivas the same as terrestrial gi'avity '\^histon seems 
to imply (see above, p. 9) that this revision of Newton s 
former k d t th cident of his coming across it 

in turn g Id p per-., but thoi gh h maj have 

found him lit m this iiaj, I think ifc is 

clear th t H k 1 tt w the real ciuae of the repeti 
tion of th 1 ] t n f IGbb Pemberton and "Whiston 
assert th t th n I card s estimate of the earth s 

radii3S w d m t d f the inaccurate one previously 

employ d P d 1 d g n this value in 1671 in his Mesure 
de la T wk hhws communicated to the Eoyal 

Society on Jan. 11, 1672, and seems to have been tolerably 
* See below, p. IS7. 
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well knowD, at any rate after 1675; but it does not appear 
that Newton's attention was called to it apscially, and as his 
time waa fully occupied with other researches it may have 
escaped his attention. Ilooke, however, in his letter of 
Nov. 2i, 1679, alluded to Picard's geodetioal measurements, 
and jirohably this led Newton to use Picard's estimate in the 
revision of his calculation. 

There does not aeem to be any contemporary evidence 
opposed to the above accouut, but Kobison* writing in 1804, 
says that Newton having become a member of the Royal Society 
— he -was elected in 1672 and admitted in 1675 — there "learned 
the aecurate measurement of the Earth by Picard, differing 
very much from the estimation by which he had made his 
calculations in 1666; and he thought his conjecture now more 
likely to be just He went home, took out his old papers, 
and resumed his calculations. As they drew to a close,, he 
was so much agitated, that he was obliged to desire a friend 
to finish them. His former conjecture was now found to 
agree with the phenomena with the utmost precision," 
No authorities for this story are cited, and the source from 
which it was obtained is not known. No credence waa given 
to it by Eigaud, De Morgan, or Brewster. I think the corre- 
spondence of 1679 and 1686 — published subsequently to 
Eobison's work — may be taken as proving conclusively that 
Eobison had been misinformed. This story was repeated by 
Biott, who further conjectured that the event might have 
taken place in 1682, but it shonld be remembered that Biot 
was not aware of the existence of the letters of 1679-80 and 
1686 ; in the English translation of Biot's biography of Newton 
this conjecture is converted into a positive assertion of the factj, 
and it has been thence copied into various popular worliLS. 

* System 0/ Mechanictd Fhilasophy, by J. BoWaan, Edinburgh, 1804, 

t Biographie universelle, 1822, vol. sixi. p. 15i. 
t Life of ffefpioji, published by the Sooiety for Promoting XJaefuI 
Knowledge, p. 17, 
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Jones informed the wiitera of the General Dictionary that 

Kewton " asceitauied the law of the motion in an ellipse, 

when the force was inversely as the squares of the distance, 

dnring the winter between 1676 and 1677, and that, having 

resumed the consideration of it in 1683, he then added some 

other propositions concerning the motion of the heavenly 

bodies." It is just possible that Jones was thinking of 

Newton's conversation in 1677 with Donne and Wren, but 

certainly the allusion to the year 1683 is wrong, and we may 

safely assert that the time mentioned for the discovery of the law 

of the motion in an ellipse under gravitation is also inaccurate. 
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CHAPTER IT. 

INVESTIGATIONS IN 1GS4. 

Sewton nover sliowed an undue iiasto in publialiing his dia- 
coveiie's, though he was TvilliQg enough to communicate them 
to his fiienda if directly aslted. Ilenee the reaulta of his 
inveitigationa in 1679, like those in 1666, were not for some 
} eaib sent to any Society, and the scientific world remained 
iiniwaie of then extent and value. 

In Jinuiiy, 1684, Halley*, " from the considerations of the 
" sesquialter proportion of Kepler, concluded that the centri- 
" petal force decreased in the proportion of the squares of the 
"distances reciprocally"; but was unaUe to deduce from that 
hypothesis the motion of the heavenly bodies. 

In the same month he went to London, where he met 
Wren and Hooke. He found that Wren had come to the 
same opinion as himself, but equally was unable to find the 
consequences thereof. Hooke, however, boasted " that upon 
" tliat principle all the laws of the celestial motions were to 
"be demonstrated, and that he himself had done it." But 
nothing could be extracted from Hooke, and, though at last he 
promised to show his demonstration to Wren, he revealed 
notliing ; and there can be no doubt that Wren and Halley 
considered that his boast was not justified by the facta. 

On this, in Augast, 1684, Halley went to Cambridge, and 
mentioned the problem to Xewton, and " then learned the 

* Hallej'a letter of June 39, 1686, ptintod bulow, p, IGii. 
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"good news that" Newton "had brought this demonstration 
" to perfection," of which demonstration he promised to send a 
copy to Halley. Newton eould not, liowevor, lay his hands on 
the original paper, and so, "not finding it, dM. it again, and 
" reduced it into the propositions " * which he sent to Halley 
by Paget in November, 1684, 

The account given by Condnitt is substantially the samef. 
After mentioning the inability of Halley, Wren, and Hooke to 
find the orbit described under a central force which varied 
inversely as the square of the distance, he says that Halley set 
out for Cambridge in May (which obviously is a slip for 
August), 1684, to consult Newton. "Without mentioning 
" either his own speculations, or those of Hooke and Wren, he 
" at once indicated the object of his yiait by asking Newton 
" what would be the curve described by the planets on the 
" supposition that gravity diminished at the square of the 
" distance. Newton immediately answered, an Ellipse. Struck 
" with joy and amazement, Halley asked him how he knew it? 
" Why, replied he, I 1 a al 1 t d it ; and being asked for 
" the calculation, he c uld t fi 1 t but promised to send it 
" to him. After Hall y 1 f C n b dge, Newton endeavoured 
" to reproduce the cal ulat n 1 ut d d not succeed in obtaining 
" the same result. Up n am n n carefully his diagram and 
" calculation, he found th t n d bing an ellipse coarsely 
" with his OWE h u M hid n the two axes of the curve 
" instead of t ju at 1 m t omewhat inclined to one 

"another. "Wl n tl t k wis Directed he obtained the 

" result which 1 ha 1 n n d t Halley," 

The propo to n t a nt to Halley until November, 

1684, and pr m bly w n th nservation of areas under 
a central force, the law of force in a focus under which an 
ellipse can be described, and the converse on the orbit described 
by a pai'ticle under a central force which vaiies inversely as 

' Newton's letter of July li, 1686, pricted below, p. 1G5. 
f Brewster, vol. i. p. 259, whence I take tfae qnotatioa. 
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the square of the distance {Puimpia, book i props 1, 11, tnd 
cor 1 of prDp 13j It is possible that they also imluded the 
law of foico to the centre under which a cuole is deiciibed, 
md the law of force to any point undor which inj cune is 
descnbpd (booh i piops 4, G) 

S Dituuatelj , Newton, ifter Hallej's MSit m AngU'^t, did 
not confine himielf to wiitmg out his old demonstritiun-., but 
LOntmued his investigations, thongli doubtless he bad no idea 
of the extent to whii-h the> could be pushed, oi how fai tlii y 
were likdj to lead him By the Jricbaohuas Term, 1G84, hr 
had put them togethei m manuscript m a connected foim, 
and this manu=eiipt be lead as hi^ pitfessoiial lectiiies m Ihit 
teira 

Ifewfcn hii b en appointed Lucaaian piofessoi on Oct 2^, 
Ififil), and uniiei the ^ftatutes lelatiug tj the fhaii it was hm 
duty to lecture for one hour at least once a week during term, 
and to be accessible to students during two hours on two days in 
every week in term, and on one day in every week in vacation if 
he were in residence; but it seems to have been universally 
understood that the duty of lecturing was confined to one term in 
the year, and his amanuensis states that the lectures usually lasted 
only half an hour, It is most likely that the lectures were 
read or dictated as rapidly as they could be taken dowm, and 
that any explanations, were given in interviews in his rooms 
in the week following the lecture. AH junior sophs and all 
bachelors of arts under the standing of master were required to 
attend, but the rule was not enforced. 

Newton's lectures for eighteen out of the first nineteen years 
of his tenure of the chair are extant* ; except in the session 



" They are in four manuscript volumea preserved in the University 
Library, containing respectively the lectures from 1669 to 1672, those 
from 1673 to 1683, those for 1684 and 1686, and those for 1687- The 
lectures from 1669 to 1672 are not holograph, but the marginal Qotea 
and correcUons are in Newton's handwriting ; they were deposited in 
the Library in 167i. The rest are probably holograph. The volumes 



y Google 



28 IKVESTIGATIONa IN 1684. 

1669-70, they were always given in the Michaelmae Term, He 
seoma never to have repeated his lectures, and, roughly speaking, 
the lectures of one October continue from the point at which 
those in the preceding December terminated. The lectures 
from 16G9 to 1672 were on optica, those from 1673 to 1683 
on arithmetic and algebra, those in 1684 and 168S comprised 
some of the propositions afterwards printed in the Prindpia ; 
those in 1686 are missing; and those in 16S7 were a popular 
exposition of the third hook of the Princvpia, 

The lectures given in the Michaelmas Term, 1 684, were nine 
in number, and are entitled De Motu Corporum. The manuscript 
of them may be taken as being a rough draft of the beginning 
of the first book of tlie Frind}iia, to which the numbers of 
the propositions given below refer. The first lecture is on the 
definitions as given in the Frincipia ; tlie second on the laws 
of motion ; the third on the laws of motion and the first 
four lemmas ; the fourth on the remaining seven lemmas in 
section i; the fifth on props, 1-9, lemma 12, and prop, 10; 
the sixth on props, 11, 12, lemmas 13, 14, and props. 13-15 ; 
the seventh on props, 16-19 ; the eighth on lemma 16, and 

conlaiDing the leotures foe 1684, 1635, and 1087, hays Geoi^e I.'s book- 
plate (Biahop Jloore's libravj) in tliem, and this saemB to indicate that 
they were not deposited in tha Library till 1715; but probably the 
plate has been pasted ia bj error, for Cotes, writing to Jones on 
Sept. 30, 1711, Bays ; " We basB nothing of S' laaao'a that I tnow of 
" in Mannsodpt at Cambridge beaidea the Gcat draught o£ hia Prinoipia 
" aa he read it in his Lectores, hie Algebra Leoturea which are printed, 
"and his Opticb Lectures the aubatance of which is for j* moat part 
" contained in hia printed Book but with further ImproFamenta ; " and 
there appear to be no other manuscripts save the Tolumea for 1684-5 
and 1687 to which Ootes'a remarfe about the first draft of the Princifia 
can refer. Only five of thelectnroa for 1687 are written out in Newton's 
manuscript ; these are divided into 28 seotions. There ia alao another 
copy of them in the Library of Trinity College, written by Cotea in 170O 
wbea he was an undergraduate, and contained in a note-book wherein 
he has also copied the {then unpublished) lectures o£ 1673-1683, See 
the Oatm Oorrsspondeaee, pp. Iv, xoi-xoviii, 209. 
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props 21, 30 , and the ninth on piops, 32-35*. Kewton re- 
marked that demonstrations of piops 18 and 19 were so easy 
that it waa unnece'^aaiy to give them To prop 30 he added a 
sehobum containing an 3ppio%.im\te solution of the pirblem of 
which he 'iub'iequently gave a solution in piop 31 Prop S'i 
IS left unfinished, and it is, not improbable that hi coui&e of 
lectuies did not actually extenl hajond nop 32 or 33 The 
differences between the lan<niaoe inl demonatrationa of these 
propositions as given m the Fti ipia and m theae lectures lie 
not BufBciently important to make it worth while tc lepioluce 
them here, though they might find a j.lace m a Lriticil edition 
of the Prindpia. 

The first draft of the mannscript (which probably represents 
the lectures actually dehvered) has been altered by Hewton in 
several details ; perhaps this is more noticeable from and after 
prop, 16, cor. 6, and of the following part of the manuscript 
(which contains the aubstanee of prop. 16, cors. 6-9, props. 
17, 18, 19, 21, and lemma 16) Sewton wrote oat {in the 
same book) a clean copy, embodying the alterations, to which 
he added prop. 20 and lemmas 15, 17, 18, 19, 20, 21 of 
the Piindpia. The enunciations in this clean copy arc num- 
bered lamtho Jj!ij ipia, ind the text of the demonstrations 
follows closely that of the fir'it edition , it is aot divided into 
lectures The first lecture of the Michaelmas Teim, 1685, 
WIS on prop 22, and it immediately follows the conclusion 
of the clean copj Most likelj this clean copy does not 
lepresent lectuies actu\lly delivered, but is identical with the 
manuscript of the fiist book of the Puneipia of which we 
know the draft was finished bj the summer of 1685, and 

* By a olencai error props 16 and 17 of the Pnnei^a are in the 
mannsot pt toth numbered 16, ■jud lence propa IS, 19 21 30, 33, 33, 
34, 3g of the P)incip\a are m the manuscnpt numbeied respeotivaly 
17, 18 19, 20, 31, 23 33, 24 alao as lemma 15 o£ the Pnndpia was 
not inaerted in the manuscript lemma lb of the P laeip a is nnmhered 
15 in the manusccipt , bnt heteaftei I lefei to these propositions by 
the numbers aQii.ed to them in the Frmcipin 
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therefore lief ore Xewton begaa his lectures in October of 
that year. 

On the roceipt in ^fovember* of Mewton's communication, 
Halley " took another journey to Cambridge on puipoae to con- 
fer with Newton " about it, " since which time," says he, "it 
"has been entered upon the Register Books of the Society." 
It ie, I think, probable that it wa? at thia visit that Halley 
pressed Newton to send some account of his discovenes to the 
Koyal Societyt in oidet that the priority of his discoveries 
might not he impugned — a precaution which Hooke's conduct 
would seem to show was not unnecessary — and further urged 
him to continue his investigations whicli, as we shall see, led 
to the work now known as the Principia, but which then and 
for some months after was desci'ibed as Froposiliones De Motu, 
and of the earlier part of which the tract now known by that 
namej may be regarded as a enmmary. 

On his return, at the meeting of the Boyal Society^ on 
Dec. 10, 1684, "Mr. Halley gave an account, that he had 
" lately seen Mr. Newton at Cambridge, who had shewect him 
" a curious treatise, De Motu ; which, upon Mr. Halley's 
" desire, was, lie said, promised to be sent to the Society to be 
" entered upon their register. Mr. Halley waa desired to put 
" Mr. Newton in mind of his promise for the securing his 
" invention to himself till such time as he could be at leisure 
" to publish it " ; and Paget waa requeated to join Halley in 
reminding Newton of his promise. I take it that the 
" curioua treatise " which Halloy asserts that he saw on this 
visit to Cambridge in November or December, 1684, and to 

^ Halley's letter of June 29, 1686, printed below, p. 163. 

+ Preface to the first editioa of the PHncrpia, see below, p. 57. 

J This doable use of the title De Motu is illustrated by Newton's 
letter of Feb, 23, 1685 (see below, p. 32). Note also that the three 
boolis of the FrinrApia were publiBhed with the headings De Motv, Gor- 
porura. Liber Primus/ Ihid, Lihet Secv/itdixs ; and T)e JfimiJi Sysiemate, 
Liher TerH'os. 

% Bircb, History of the Eayal Society, London, 1757, vol. iv. p. 347. 
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wHch he referred at the meeting of the Eoyal Society on 
Dec, 10 of that year, was the manuscript of the lectures 
Newton was then giving : at any rate, these lectures were then 
written, and bear the title that he quoted. I also suppose that 
the tract De Motu was written in December, 168i, or January, 
1685, in conaecinenoe of Haltey's solicitations that some note of 
JTewton's discoveries should be put on record, and that the pre- 
paration of the Pi-incvpia was commenced at about the same time. 
Some writers have, however, given a slightly different inter- 
pretation* to the evidence above referred to. Some have 
supposed that Hcwton's communication in November, i68i, 
was confined to the results of book i. props I, 11, and oor. 
1 of 13, and that the curious treatise seen at Cambridge by 
Halley in November or December, 1684, was the tract entitled 
Propositiones De Motu which, in accordance with the minute of 
Dee, 10, Newton sent to the Society in February, 1685. 
Others have supposed that Newton sent this tract to Halley in 
November, 1681-, and that the curious treatise seen by Halley 
a few weeks later was that part of the Princvpia. which was 
then written. In support of this view it may be noticed that 
Halley, writing in 1686 of his visit to Newton in the autumn of 
1684, says that since that visit, Newton's communication was 
entered on the register books of the Ltyal bocietj Now the 
only memoir registered in the books of the Society is the 
tract entitled Prqpusitioni'i Dp Molv and hencp it may be 
argued that the tract was the manuscript --eiit to Halley in 
November, 1684, which wis pruduced at the meeting of the 
Society on Dec. 10, ind this view is atrengthpned by the fact 
that some one has wiitten at the beginning of it "December 
" 10, 1684." On the othei hand ^\ e find that on Te) . 23, 1685, 
Newton wrotef as folb-«s to I'ton, the then Secietary of the 

« On these viaws see Edlestoo in tiia Loies I yFTes;gon,de'i>ix, p. Iv; 
and Brewster, vol. i pp 260-362 1 have followed Eigami on this 

-f lligaufi, Appenflis, p. 24. 
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of 1684 covered the same ground as the earlier propositions in 
the Trincipia, and that he sent the trirt, known as the De 
Motu, to London before the end of Tebruaiy, 1685. 

Here I may mention that there ia a curious blunder in the 
Commercium E^istoUeuw, wheret this tract is said to have been 
sent to the Eoyal Society in the latter end of 1683, and the 
same date is mentioned in the Portsmouth draft (see above, 
p. 7). It is certain that this is a mistake. The way in which 

* Birob, Histcry of the Royal Society, vol. iv. p. SW. 
■|- OonMiiercium EpiatoUcam, No. Isii ; edition of 1713, p. 97 ; edition 
ol 1732, p. 206 i editiOD of 18B6, p. 167. 
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the error arose has been satisfactorily explained by Eigaud and 
Edleston*. Another blunder, -whleh may be noticed in passing, 
is that made by Kewton in a memorandum quoted below (see 
below, p. 58), where the discoYery of some of the results given 
in his lectures of 1684 is assigned to June and July, 1684; 
they cannot have been made before August, but must have 
been made before the end of E^ovember, 

The tract Fr QIjOsit-iones De MrAv, is memorable as marking 
the point at which Newton had arrived about the end of 1684 ; 
it contains the chief propositions given in his le t res of that 
year, as also two or three theorems on motion in ^ res tmg 
medium , 

The tract contains eleven propositions, jie elel ly three 
definitions, a statement of four hypotheses or as? mptions ind 
two lemmas. The proofs are .geometrical. The piopositioi s 
are as follows — the corresponding proposition in the Pi i a, 
being indicated by a reference in square br'\cliets (i) the 
equable description of areas by the radius vector of a body 
moving under a central force [book i. prop. 1] {ii) comf ansoii 
of the forces under which bodies describe circles i n formly with 
five corollaries [book i, prop. 4]; (iii) the law of centrjetal 
force to 1 ^iven point undei whruh any curve can be lesiril el 
[book 1 piop 6], (iv) application to a t/iiole descitbed under 
a force directed to a point m tho cireumference [boric i prop 7 
of the first editim], (v) apphuation to an eUip e desciib'^ I 
^hout the centre [hiok i piop 10], (vi) apjlication to an 
ellipoB desenbei about the focus, with a scholiun on the 
applicition to thp jhnets [book i piop 11] (vu) if ellises 
be desLribed uuilei •» central forcp which var es i ver-cl\ ai 
the square of the dietmce then the squares of tie jeiioic 
tunes lie proportional to the cubes of the maj^r axes; to 

Rigand pp 16 20 EdleetoQ cofes f. orrespondracc p, 307; see 
alao Biewater rol i pp 3oS 259 Jones was one of the oommittee 
ipiointed tu driw uj, the C ne u n Fi atnl u and hi' statement 
on th a pomt ciuotsd abuse \t the end ot tliL hst chapter, is not 
indepandent eiidence 
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which a note is added on the application to planetary motion 
[book i, prop. 15] ; (yiii) determination of tlie orLit of a body 
projected with a given velocity under the action of a central 
force which varies inversely a3 the square of the distance [book 
i. prop. 17]; followed by a note on cometary paths which is 
obscure and partly incon-ect; (ix) determination of the space 
through which a body will fall in a given time towards a fixed 
point tinder the action of a force which varies inversely as the 
square of the distance from that point and which is directed to 
that point, i.e. a body falling under gravity [book i. prop. 32] ; 
(x) determination of the motion of a projectile in a resisting 
medium — the resistance varying as the velocity — under no 
force [book ii. prop. 2] ; (xi) determination of the motion of a 
projectUe in a resisting medium— the resistance varying as the 
velocity — under a constant centripetal force [book ii. props. 3 

This tract has been printed only once, and copies are now 
so scarce that I think it may be interesting to reproduce it. 
Five manuscripts of it are extant ; of these one is in the Koyal 
Society's Eegister, vol. vi. pp. 218-234; one is in the Maccles- 
field Collection; and three are in the Portsmouth Collection, 
section I. division viii. number 7. The example in the pos- 
session of the Eoyal Society is presumably talcen from the 
original memoir of Newton, and therefore may he regarded as 
the standard text ; it was printed by Eigaad. Unfortunately, 
says Eigand, " the person who transcribed the paper , , . , 
" could not have understood what he was employed to copy. 
"The divisions of the sentences are not well attended to, 
" words are sometimes wrongly spelt, and the diagrams, as well 
" as the references to them in the text, are in several instances 
" very fajilty." 

I have never seen the Maccleifield copy, but I gather that 
it 13 meielj 1 transcript, male by or for William Jones, of 
that owned by the Eojal Soeietj The three Portsmouth 
manu^ciii tt lie moie inteiestin^, The chief points in wliich 
they liffei from the LJpy in the possession of the Eoyal 
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Society aie mentioned below. Two oi them are incomplete 
drafts in ISTewton's handwriting, and made, I conjecture, prior 
to the memoir being sent to London. The third, probably also 
holograph, is carefully written out, and is somewhat fuller 
than that in the archives of the Eoyal Society ; it may have 
been written subsequently to the copy sent to London, but 
I think it is of a date not later than the spring of 1685 ; at 
any rate, it contains a remark (seo below, p. 56) which implies 
that though ^^ewton 1-new that at a considerable distance from, 
th th t ty ght 1 t k f p p f 

1 1 t t J ly th i f tl d t f ni 

tl t p t y t h th t m 1- th th m 1 w 

1 Id f 1 t 1 th f Ah th d t 

1 h t y f tV Ey 1 S ty jy t ly k w 

I h 1 t i th t t tl I m th tt pt 

thr p t m th fi t pi I h t 1 th d g m 

d lip Ij 1 111 d ly ^ wt w ij th 

d pi I h t d I t t d 

h It d tl t 1 1 tt f w d t p t 1 m 11 

Itt th niyb tmktiit frm 

( tl I t r d h t f 11 w 1 tl ni pfc 

tly) d th 1 i pi II tt th jmb 1 

mtdf dtdfih d f d( 

th 12 it. b y t nf 1 tlj ) t mli t 

niltpl t Ih 1 1.1 d y jmbllk ABO\y 

AB BG h d t d t th 1 d t f 4iJ 1 

Bt I i h dly dd tl t 1 t j, f m tl m t 

o,f the seventeenth century expressions like a.'', u:", .c'^", j"'' stand 
for what we usually write as x\ ir?, x\ x^. 
The tract is as follows : 

ISAiOI Newioni Peoposjtiones DE MOTU. 

1. Vim cenicipetam appello, qua corpne impellitur vel attrahitur 
TersuB aliquod punctum, quod ut ocotrnm apeotatur. 

2. Et Tim corpocia, EBu corpori insitam, qua id COnatar peraeTerare 
in motn Euo eecuudum lineam rectatu. 

3. Et resistentiam, qnae est medii legularitei impedieatlB. 
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Sy/, t) 

1. RflBistectiam in pi IP b 11 
BequentibuB esse ut medi d t t I t j t m 

2. Corpus omne sola t snt d 1 m t m 
in inflnitnm progrefli, nie 1 q d ti mp cl t 

3. Corpus in flato temp b 1 t ^ q 1> 
divisis in temporibna acq 1 Ij 

4. Spatium quod corp g t q q t P ^ 1 
motus initio describjt, es d pi cat t t mp 

1. Parallelogcamma m d 1 m 11 p d pt 
aequalia inter so. Patet 

2. QuantitateB differc t p p t 5 t t p 
portionaleB. Panatur ^ ad A B ut £ ad B C, et C ad C D, &c- 
dividendo flet ^ ad B, ut B nd C, ut C ad D, &o. 

Proposiliones. 

Theor. It, Qyrantia ctrmia radns ad centmm dvcHa areas tempoHhus 
profOrtianales describere. 

Dividatur terapus iu pavtea aequales, et prima temporis parte daacribat 
oorpuB vi indta reotam ,4B ; idem aeounda temporia parte, ai nihil im. 
pedietj recta pergeret ad c, describena rectam Be aeqiialem ipsi AB, 




adeo utradii AS, BS, cS ad ceutram&otia ooufectaeforent areaeaeq aiae 
A8B, BSc. Varum ubi corpna Temt ad B agat vis ceutripata impulau 
nuico at magno, faoiatque oorpns a reota Be defleotere et pergere in 
recta BC. Ipsi BS parallela agatur oC oocuiiens BO la C et con pleta 
aeounda temporia parte, corpna reperietnr in C Jung a 8C et 
triangnlum BBO ob paiallelas SB, Of aequale erit tnangulo '^Bc atqne 
adeo etiam triangulo S^B. Simili aigumento ei tis centripeta sue 
oeaaiTe agat in G, D, E, &o. faaieos cotpua mug ilia tempcim mon entia 
wngulas deaoribere rectae CD, DS BF &.c tnangilim s/Jl tuangnlo 
jSBC, et SDE ipsi SOD, et SEF pa ''DE ic jnila erit ^xaalibuB 
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igitur temponbns aequales areae desotibuntui Sunto jain haec 
triangulu trameio infinita, et infinite pacva, bio ut amguha tampons 
momentia singula reapoudeant triangula, oogecte ti centripet& aiue 
remiesione, et GDEstabit propoEitio 

Theor. II Ooriionbaa im circw>tfere>iti/ts cii culm um v.mforimtBi 
gyrantibus, itres centnpetaa esse n( arcuttm stmul descnptntim quadrata 
a^licata oA 1 adt icirculojuin 

Corpora B, b, in ciicnmfsrentiis oiconlorom BD, Bd gyrautia, simul 
deacrilHiiit aeons BP, Id Sola vi insita deaonbereut tangentes BC, be. 




t f ub 



OF 



ad^ 



iGF 



1^"- 



i"/ 



Loquor de epatiia 



inutiasimus, icque infinitum diminnendis, sic nt pro JCF, icf, 
acribera lioeat ciconlomm raSioa SB, bJ, qno facto oonatabit propositio. 

Cor. 1. Viree ceatripebas auat ut oelerittitam quadrata B.pplioata 
ad radios . 

Cor. 2. Hi reciprooe ut quadrata temporum peiiodioorum applicata 
ad radios. 

Cor. 3. Undo ai quadrata temporum periodieornm aunt ut radii 
oironlornm, virea oentripetae ennt aequaleaj et vice versa. 

Cor. 4. Si quadrata temporum periodioomm sunt ut quadrata 
radionun, vires oentripetae aunt reciprooe ut radii. 

Cor. 5. Si quadrata temporum periodicoram sunt at onbi radiorum, 
vires oentripetae sunt reciprooe nt qnadrata radiornm. 

ITieor. III. Si corpus drea cenh~wm S gyrartdo describat lineam qnam. 
vii ouTvamAPQ; et li tangat recta PB, ctn-vam illoim in puncto qiiovisF, 
et ad tangentem ah alio quovis pwtcto Q agatur QB distantiae SP parol. 
tela, ac demittafm QT ^rpendicaiatia ad distantiam 8P; dico q«od vis 



mtrvpeta sit redpro 
iiiM ea sentjier siinin 



; uf eolidw 






■ modo sol idi 
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at que adeo neutro dato i. 
coDjuoct n \ est it Tifl oi 
portionahs aau duplum eji; 
tionahtahs para utraqne 



„tS?!lQ?L\ 



Cor. Hino si detur 
entripetfl dirigituc, in' 
gnrae illiua perimat: 



I \is ceutii; eta et qu.4lat:uDi iempoiia 
Qtnpeta semel et irea T,, tampon pro 
1 SPx(,r bia Applicetui huiua pri'por 
d ImaoH n Cr et liet un faa it fis 



quaevia, et in oa pnnctnm ad quod vi 
potest les vis oentripetao, quae corpus i 
ace faoiet, Nimirum computandum as 
Ejus rei dabimn 



aolidnm — ■ ji - ^ -— liuio vi reoiproce proporti 

exempla in problematis aequentibaa. 

Prdb. I. Oyrat coiyus m eircttn^fereiiiia cJrctiH ; reg«iril«r lav vis 
csntripeiae iendentia ad jnmctim aliquod m eircumfereittia. 

Eato oirouU circumterentia SFQA, CBotrum via oentripetae S, corpus 
in oiroumferentia latum P, loona pcoiimnB in quern moTebitnr Q. Ad 
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„ «.,, "f 


SA- 



SJi 



El go VIS ( 
[oh ilatum 51!] Ht qiiidra 



SP. Q. B 



u hoo casu et simililraa concipiendum eat, quod po'tquam 
CorpuB pen-euei'ifc ad eentrain S, id non ampljus ledibit in orbeoi, Bed 
abibit in langeote. !□ spicali, qa&e seoaC radios omnes la dato angnlo, 
vis oeutripsta teudena ad spiralis piiQcipium est in i?atione tnplioala 
dietaQtiae reoiproee ; aed in pnnoipio illo recta nulla, positioQe 
determinata, apiralem tangit. 

Proh. II. Corpvs gyrat in ellipsi letgium, leguiriim ler vis i-entTt 
petae, iendeniis ad cemirura eJiipseos. 

Sueto GA, OB semiasea ellipseoa ; QP, BE diametri conjugatae; 
FF, QT pevpendionla ad diametros! (^U oriiiositiin applioata ad dia- 




QUFR parallelogrsmmui 
FUx UQ ad QUf nt PC'i ad QDi, 

QTi^FF-i' 

. pux ua^FC pci. 



cm p>i ' 

UG ad-^ nt PC ad 



CDix 
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40 INVESTIGATIONS IN IHB'i. 

Scribe QB pro PU at BOxGA pro ODkFP, ueouon (piinctis Q e 
coeuntibnE) 2PQ pro TO, et duotis earemis et oiediia in sa ui! 



3 BC5 X 0^1 



J(l eec, ob d 



PC 
ut difltantia PO, ij. E. I. 

Pi-ob. III. CorpuB gyrat in. elliipsi,- Teqidritur les i-is ceniiijjelua 
teiuisntis ad 'ambUicum. 

Eeto ellipseoB aapBriorifl umbilii 
diametmni Df in £;,e( linenni QUin 
QfoPS.. Ptttet £P neqqalem esse Bemi»si majori AG, eo quod, acta ab 
altero ellipEeos nmfailico H linaa HI, ipai f0 parallel*, ob aoquaiea GS, 
CBaeqiientur ES, BI, adeo ut fp Hemiaumma Bit ipsarnm PS, PI, id 
est {ob parallelaa HI, PK et aiiRuloa aeqnales IPti, HPZ) ipairnm PS, 
PS quae oonjimotiia totnm aiem 2AC adaeqiianti ad SP demittatur 
perpeiidicularia Qt, et ellipBeoa latere recto prinoipali (seu — r-^) i3ioto 

I, erit 

L X QE ad L X PU iit Qfi nd PU, 

id eat, nt PE (aeii AO) ad PO. 

Kt LxPUai! OUxUPntiadG'U 

Be GUxyPadgDitit CP'i ad Cm 

Et qU" ad yii fiat ut m ad » 

Et Qsi ad Qii ut BPi ad PP^i, 

\& est, ut CA'i ad PPq, 

sive, lit Cin ad CB^. 

I,xglJ _lC„ L ^OP'i^'m.^Om 
Qii PC IJU ODi n Ci«' 
. , AO^Ubbti 3BGi) ^ CF^ ^ m 

^ ^^' '^ PCX at; oB-i ™ 

aed, puiiotis Q et P coeimtibiie, rationes ot — fluut aoqiialitatia, 

ergo L X QR et Qli aequaEtiir, Dueatur pars utraque in ■-jrj:, ot fict 



X SPo^t 



■^^jgM 



Ergo vis centi'ipeta reaiproea 
itiono duplioata distantiao. q. k. i 
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SehoUvim. Gyrant eigo planetae uiaprea jn ellipsibas habentibns 
□mMlioum in eeatco eoho , et ridiis ad. aolem duotis, deaoribunt ireas 
temporibns proportionaJeB, ommiio ut Bupposnit Eeplerus Bt harum 
ellipeeon latera racta snnt ^ punotia P et y spatio quim mimmo 

et quasi infinite parvo distantibus 

Theor. IV. Posito qvol vis eentnpeta sit rscipioce proparhonaUs 
qvadrato disiantiae a, cenbro, gtiadroto temixiTmn pet iodicoram tn 
ellipsilras stwvt lit cubi ti wn'f ersonan, anum 

Sunto ellipaeos asis tranBTersas ' 
iimHlicaa altevuter S Ceatro S i 




PMD. Bt eodem tempore desoribant dno corpora gyraotia aconm 
elliptiovim PB et oircnlarem PM, vi oentripeta ad umbilioum S tendente. 
Bllipain et circulum tangant PQ et PJV in pnnoto P. Ipsi PS parallelae 
agantnr QB, MS tangentibus ocourrentes in Q at N, Sint antem 
fignra« PQK, PJUJf iudeBnite parvas, sio ut (per Scliol. Pcob. III.) fiat 
IxQE^RT^ et 2SP x MJ!f = JtfUi ; ob oommanem a centro S dis- 
tantiam SP, et iada aeq^aalea Tires oentripetas, sunt ilfWet QR aeqnalee. 
Ergo BTi ad MV^ est nt i ad 2SP, et S.T ad MU ut mediam propor. 
tionale inter L x 2SP (seu PD) ad 3SP. Hoc eat area BPP^ ad aieam 
SPJf ut area tota ellipseos ad aj^am totam cireuli. Sed partaa avearnm 
Bingulia momentis snnt ut aveae SPR et SPM, atqae adeo ut areae 
totae, et proinde per numerum momontorum multiplieatae, aimiil eyadent 
tiOtiB aeqoales. 

RevoliitioneB igitur codetn tempore in eliipeibus perficiuniur ao io 
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cirnulia, quorum diametri Eiint axibas trauBieisis ell | seon aequales. 
Sed (per Cor. 5. Theor. II.) quadrata tempornm perioilioorum iu 
circuHs aont ut cnbi dmraetrorum, orgo ec in eiiipsibna Q E D. 

Hino in sjstemate caelesti, es temporibna penodioia plauetarum, 
innotescnDt proportioneB tranavorsorum aiium orbitarnm Aiem. UQum 
lioebit aBSamere, inde dabuutur eaeteri. Datia a item asibis, deter, 
minabnntur orbitae ia hnnc moaum. Sit d Icons aolis sen umbllicna 
unua ellipaeoa, A, B, C, T>, looa planefas obeeivatione mventa et Q asis 
transFersns oUipsaoa. Centvo A radio Q-A'i dBsonbatnr oiiculna WQ 
eb erit ellipaeoa umbiliciia alter in hujus cucnaiCerentm Centris 



B,C,T),i.a inteivallm y-Bi Q-Ct, Q-P%&o deBcribantur itidem 
alii quntom que ciicnli, et erit nmbilicas illo alter in ommum ciiOttnife- 
lentiia, atqae adeo in omnium intersectione oomnmni Pj jnterseotionea 
omnsB Don coincidunt aumendnm est pnnctum medium pro umbilioo 
PiaseoB biijUB oommodi iM eat quod ad uuam eonolueioaem eiiciendam 
udhiben poa^unt et inter se espedito compiraii obaeivatioues quam 
pluiimae Planetae autem lota aingula A, B, C, D, &.c ei bimg 
obaeri atiombua, cognito telluria orbe loagno, inveniie doouit Hallaeus ; 
ai orbiB lUa m'lgnns nondnm aatia esacte ^etermiLatuH htbatur, es eo 
piope ODgnito deteiminabitnr planetae alieujua pn'a Maitie, ptopiaa, 
deinde es oibita planetae per eandem methodum determinabitar 
orbitk telluiia adhnc propius Turn ei orbila telliins deteimiaibitur 
orbita plunetae multo exactina quam prina Et aic pei vioes, doneo 
rireuloram rateraectionea in uno looo oibitae utiiufqua eiiote aatis 

Hao maihodo determinara licet orbitaa Teiluiia, Maitia, Jovia efc 
Situini ocbitas ■jutem Veneris et lleicuiii aio Obaervatiombua in 
masima plauetarnm a sole digreaaione faotia, habentnr orbitdiam 
tangentea , id ejusmtidi tangeutem RL demittatnc a 9)!e ijetpandioulum 
i)f Centioque I et intervallo dimulii asia ellipaeoa de'LribatUL citculua 
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KM, orit aentram 
hujnsmodi plnrim 



in hujiis circumferentia : adeoqaa descripbis 
1 reperietur in omnium, interseotione. Turn, 



oognitiB orbitamm dimensiODibns, longiludines liorum planetarunj 
esaotina ex trausibu per disoura solis determinabanbnr 

Frdb, IV. Pasito qw>{l v%a cenf'ipeto 116 rerypioi^ pi-oporiionnMs 
guadrato dista/aiiae a eeiit/o, et eognUa vii, iilivs quanhtale, reiuiritwr 
eltviiais qiiam corpus describet de Iulo dato, cum data celentate secundum 
TBCtam emissv/m. 

Via oentripeta iendens ad pnnotam £ ea sit quae corpus ir in oircnlo 
wx, CBntro S intervallo qnovis deeoripto, gjrare faoiat i3e loOQ ir. 
r corpus P, et rr.os mde oogente vi eentripeta 




t in ellipsin PQ. Hanc, igi 
itidem reota jrp eiroulum in tt, aitque PR ad irp, iit prima oeleritas 
oorporja emiEsi P ad uniformem celeritatem corporis jr. Ipsis i9P et Bn 
parallelao agantur RQ et px, baeo circnlo ia Xt '1'^ ollipsi ici Q oociirrens, 
et a Q et X aii SP et Sir decoittantur perpendioula QT etx^. Bet QR ad 
Xp ut via eentripeta in V ad vim oenbripetam in w, id eat at Siri ad SP^i, 
adeoque datnr ilia ratio. Datur etiam ratio QT ad BP, et ratio RP ad 
pn- sea x'^ et inde oompoaita ratio QT ad xT- Do hao ratione dnplicata 
auferatur ratio da.ta QR ad xp Et manebit 



QB 



XP 
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(per Schol, Prob. III.) ratio lateria t 11 pae d d m t m I 

Datur igitur latus reotum ellips t b i L dt p-at rea 

ellipseoa iimbiliona S. AnguK BFS jnilmtmdl tofit 

angulua RFH, et dabitur poaitiono 1 PJT q mb 1 It IT 

locatur, Demisso ad FH perpendi 1 j. t t m 

BC, BBt 

SPi-2rP«PH + PH<i-SHi 

-CSP + P;j')<i"»''-I X (SP + PH) 
= SPi + 2SPxPJT+PHti-I". X (SP + PH) 
Addanhir utroblque 2ffP;< PH+Ix (SP + PH)-SPi-PJri, et flefc 

Lx(SP + FH)=^2SPxPR + 2KFxPS:; 
sea SP + Pff ad PS iit2SP + 2irP ad L. 

Unde datur umbilionB alter S. Datis autem umbiliois una cum aie 
transrecaoSP + PHdatnr ellipsis, ij. e. i. 

Haeo ita bo habent ubi fignra ellipsis eat ; fieri enjm potest nt OOrpns 
moveat in parabola vel hyperbola. Nioiiram, si tanla eat corporis 
celeritas at sit latus reotam L aequale 2SP + 2JfP, flgara, erit parabola 
nmbilionm habens in punoto S, et diametros omnes pacallelas lioeae FS. 
Sin oorpuB majori adbuc celeritate emittatnr, movebitur id in hyperbola 
habente nmbilioam nnnm in punoto S, alteram in puncto B sumpto ad 
contrariaa partes pnnoti P, et axem tranaversum aequalam differentiae 
liuearum PS et PS. 

SclioUvm. Jam. lero, bcneSoio hujas pcoblematia soluti, planetarum 
orbifaa defiHive coneessam est, et iade revolutionum tempora; 




et es orbitarnm inagnitudine, esteutiicitate, apbeliia, inolinationi. 
bus ad planam ooliptioae et nod is inter se collatis, eognocere 
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1 t b 1 m t 1 ta ijp ti q d m t 

mt frnt 1 tdtml j 

1 1 ea St AFBP ti A 1 B D I m t 11 

mpb b t mtSl 1 E Itti mt 

mfm p t tm-lDfigpminttdl m 

mlqPt tptm ptdflt t 

t-amt lir llpPci H lip dtm d tt 

pn iblmtel to F I d 1 mt tm 

lb Icyt mCg thml mt Ig 

t f tl tt d (. t 1 Im th 1 £,t d 

tlttdi Ityt tm] Im esb t mt 

Igtd tlttdi Eh m td 

rel mt d tl mi dviUpt 

t p Et 1 q Tl II pt p b nbus 



1 dn- 
E t 



3 " 



I I 



a b t a 
m pepn gmt mt m 

Si 8P P I h d t mpo b I p t 

dffil Si 111 m] Ef a 1 

EHG to t gul r H" t p 1 p t 1 



H M 







pai^llela CJiT oitcnlo ooouirens m K, jungatur SK, et circnli aegmeuto 
KKM (pel tabnlam segmentoium vel Beons) aequale Cat triaagalum 
SKN; ad EG demiitatnr parpendioalnm NQ, et m eo cape PQ ad NQ, 
ut ellipaeoB asiB minor id majorem, ot ent pvincium P in ellipei, atque 
acta recta Pf abscindetnr aiea ellipeeoa IIPS tempori proportionalia. 
Namqne area BFfNM tmangnlo iSWA auota, et huio aequali s^mento 
HJTJH diminntae, fit triangnlo Hbh id est triangnlo RSO aeqaala. 
Haeo aeqtiaha adds tieae EHH, Cent areae aeqnales EHNS et EEC; 
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cnm igitar aeotoi EHO tempon pi opoctiOnalis ait, efc area EPS areae 
ifHira, erit etiaoi area EPi tempon propoctionalia 

Proh, V, FiBito qvoJ ma centnpeta ett ffyioce proporiionali 
quadirato distcmhae a cenbo spafia definire quae rorjiMi. iwfi cadfndo 
datig tempotibus descnbtt 

Bi oorpuB non oadit pei^nflioulariter, deeonbit id ellipsia puta 
APB pujna umbilicus inferior, pata ^ congruet cum cectio terrae 
Id es lam demonstiat E constat Supei allipoeos asi irijore ih 




1 nb t m ronl iDB t p 

DP 1 p 1 1 
i P tq d 

temp p p t 
APB ] m CO d 



m q 




t mp p 

I aa 1 
4B t 


P 1 
t mp 

d 111 
mil 



ISO a 



t 



i AB 



m b t rea ASD 
It t et orbita 
m s;e t rmiDO B, 
e. ihD d t t mpori pto- 
pt 1 Dfi t I p m/lCc[d pdloo^ pec- 

pdlt ddtmp dtd bt md tempori 

p p t t p t AbD t p t Z> a otam XB 

d m tt t p I di 1 DC Q 

S M P re p bl mat d fi unt m t p j 1 1 m in aere 

oatxi [ tq ]m t gra mpepdlt Itm hypothesi 
qnod graTitaa reciproco pioportionalis sit quadtato distantifie a oentro 
terras, quodque meaiam aeria ciliil rsBistat, Nam graritaa est species 
una via ceutripetae. 
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Proh. FT. Cai-poris, sola vi inflifa per medium sxmilare Teaist^s 
delati, ^notum definire. 

Asymptotis reotangulis ADC, Off aescribatur hyperbola sscaas 
perpendicula AB, BG, esponatur turn corporis oeledtas, turn reeiBtentia 
medii ipso motus iaitio pet lineam AG, elapso tempore aliquo per 




Imeam B' , et (ecipiia esponi potaat por aieim it ilJ atiae Bpatiuro 
eo tempore descnplum pet Imeam AB Nam oelantati proportion aha 
est lesiatentia medii et rsEiatintiae piopottionale eet deoiementum 
celenfatia , hoc est 8i tempns dividitar in partes aequ'jles celeiitates 






junt diffeieafuB BUis propoctionales Deoie 
celentaa in pioportiono geometrioa dum tempns creaoit m anthmetioa 
Sed tale est deorementnm lineae DO et icerBmBQtnm areao ABGB, nt 
jiotum eat Ergo tempus pei aieim et oelentas pei line'im lUam reote 
SKponitur Q E F 

Porro celentati atque "ideo deoremento celsrit'itia propoi tionale est 
incrementuai spatii deeotipti, aed et deoremento lineie Bl pio 
poitionale est lUDrsmentum Imeae iB Ergo inorementnm spatii per 
iDcrementam lioeae AD, atque adeo spatinm ipaam pei Imeam illam 
reote esponitnr ^ b f 

Frob Fir Postta untformt «i centnpeia, nuitum eorjioji in medu} 
imiTofi lei-U, asOfiidenU'. ac dfceiKleiifi- (lertniie 

Oorpore aaoeiidente, eKponatnr via centripeta per datum qiiodi'is 

BB eumptura ad contcanas paitea ABjmptotia rectanguha it, < S, 
per punctura B deaoiibatui hypeibola, eecans perpendionla BE dp in 
It, 7, et corpuB aaoendendo tempore DQgl desoiibet apatium EQge, 
tempore DtJBA apiitinm aaaenaoB totina EQB, tempore ABiG2B 
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spatium descensus SF2Q atque tempora 2DiG2g2d spatinm deaoeneua 
2QF2e2g, et oeieritaa oorporis reaiBtentiae medii propovtionfllis eriC in 




A 2D £i 



temporum periodis ABED, ABed, nulla, ABF2D, AB2e2d; atqae 
a celeritaE, qnam corpus desoendendo potest aoqairere erit BG. 
aim rectangnlum AI[ ia rectangula iunumera All, Kl, 
Lm, Mn, &a. quae sint ut incremecta celeritatnm aequalibus totidem 



1) A K IMN 

temporibus facta, et etunt U Ai Am In lo at oelerita ei 
adeo at resiatentiae medii lu tine sii:gulcrL.in tempoium i 
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Ti bAOadAK 1 ABHC ad 1BJ£ t t p ta. ad t i m 

& t mpon p m t IBHG Ji tHt LlEC V H S t 

VI b 1 tae I h p i% t tq deo t m t 

1 tat m 1 t t t e \ a Kl L il & ip md 
PS gmf Q taAf-LJJlfVpdtac. 

ra t hyp b 1 X ;i & t ea 4Bi X XI" 

/X/tJif Jf/JTqal dqt tmtb qlbtm b 

tnp t mp qlb Ig Sbd tir tagllfr 

2:EZM"& b bit Igfltlqt 

Ek I \l !\ii 1^ & ttiamd fi glintm 

pmt tltatb ti dd p ptis Ig 

5 m t 1 garum mm t t as Bk BIK B n B 

6 p t t t d pt 1 g A.B K iBXL 
AB 2[ iF '^ L t mpo b C p t d d d ai 
t mp im.L d b t p t m Bft t f mp iX p t ra 
XI Q Et ! tdrnttdt pt 

m t p ] ot 1 um tro hyp th q d t m 1 

Bit q dq gra t frmt t Iml plllagt 

Nm mmt blq p pjtdigt 1 

mas 11 sultmpjth tlmt 

[t d bt pUm tmj p ptmmt 

jn h d g mm t 

EI q Djlt p dmleaml^m 

t IP jlgdinI>Ppt jdmJt 1 

mt mt Ap tPdl mh llmJ"(.dmttt 

pp 1 IniPC ttdZPpp dJmPJ dq 1 t DA t 

tetmdpmt t dmg tt Egtprp 

d 1 m AB ] 1 g d t oompl t p -all 1 gr mm DJBB 

CABS p p t B jmpt t DC CP d t. t li p b I 
DE f p t 1 ^ d EG t i DC i CP t a tae D 
pnnotiim quodvia R ereoto perpenflionlo RT, quod occurrat hyperbolae 
D(t X DE-DUTBG . . 



a T, et rectae Bff in f, in eo capiatiic Rr = 



N 



a altitudinem (a) in parpendiculo AB, deinde iacidens lineam 
horizontalem DC ad F, ubi aceae DFsE, DFSBQ aeqaantur, et poatea 
semper appropinqimns asjmptoto PCI. Bstque oeleritae ejas in punoto 
qnoris r ut tangenB tL. 

Si proportla reuatentiae aeris ad vim gravitatis uondum incotesolt, 
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obserratione aliqna angnlornm, ADF, AFt, in qail)UH 
DarFK seoat lineam horizoutalem DO, Super DF eonatitnatar 




leLtangultim BFaE altitu^ima cujoovio efc deacnbatur hyperbola 
leotangula ea lege, nt ejns una asymptotos sit DF et areae DF^^E, 
DF'^hii aeiiuintur, et ut sS "it ad Eij sicut ttmgens anguli AF} ad 
t'jngantem aaguli IDl' , ab hujna IiyperboHe ceutco t' ad reotam DP 
demitte peipendiGulnm C/, ut et a ptiaoto B, ubi ea aecit reotam EH 
ad rectam DC perpendieulaiBm BA, et hibebitnr pioportio quaesita D,! 
ad CI, quae eat resistentiae medii ipso motus initio ad gravititem 
projactilia Quae omtiiB es praedenionatratia fioile aruuntur Sicufc 
et alu modi mveniendi reaiatentiam aeiis, quos Inbena praetereo 
Pofitquam autem inTenta est haeo ceaistuntia m ano cisa, oapienda est 
ea, in abis quibuBvie, ut corpona celeritas et superficiea sphaecica 
conjunctim, (nam pinjpctile gpliaei le im ease passim anppono ) Via 
Butam gravitatia innote^Lit ex pondeie &ic babebitur aemper pro 
portio resiatentiae ad gra\ititem, aeu bneae D i uA hne'ini CI Hac 
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propoitione et sngnlo iDF deteimiaatui specie Cgura Dii,,Fh., et 
capiendo longitndinem DP proporfionalem celeritati piojectilis in looo 
D, detBiminatnr ladem magnitudiae, BiC iit altitude ^a, mter aBoeaania 
et caaum projectilis, semper ait proportioDaha atque adeo ex lougi- 
tudine DF, in agro semel mensurata, semper doterminet turn longi- 
tudinem illam M tarn alias omnes dimflnaionea figurae BaFK riuam 
prujectile describii in agro Sed in oolligendis hiaoe dimeQsioiiibns 
UBurpandi snnt loganthmi pro area fayperbolioa DBTBU. 

Badem ratione determiuantur etiam motns oorporum, gravitate tbI 
leritate et vi quacunque semel et aimul impreasa, moventinm in aqua. 

I mentioned above that there are, among the Portsmouth 
papers, three manuscript drafts of the tract, all of which I 
helieve to bo in Newton's handwriting. That which I take to 
be the earliest is headed De motu corporum in gyrmn. The 
draft of the deflnitiona and hypotheses is rough and is cancelled. 
There are no lemmas, although marginal references to them have 
been inserted in the text. The demonstrations of the proposi- 
tions are almost identical with those printed above ; but there 
is a scholium at the end of theorem 2 in the form given below 
on p. 54. The manuscript ends abruptly in the middle of the 
scholium to problem 7. 

The next manuscript has no heading, and is, I should 
suppose, just anterior in date to the copy sent to the Koyal 
Society, It commences with the definitione and hypotheses as 
in that copy. These are followed by a table of contents ; after 
which come the two lemmas, which are, however, here numbered 
3 and 4. Then comes the text, similar to that above printed, 
but the manuscript after the middle of the scholium to pioblem 
5 is missing. There are no marginal references. 

The third copy is more interesting because it is somewhat 
fuller and is complete. 

The heading, which perhaps is of a later date than the 
maEUScript, and possibly not in Newton's handwriting, is De 
motu sphaericorum Ooi-poruvi in fluidis. 

The manuscript commences with four definitions as printed 
below — of which the first three are substantially the same as 
those given in the Eoyal Society's copy. 

E 2 
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Sef, 1. Vim centripetam appello qua corpus attraLitur Tel impal- 
lituc yetsua pimotum aliqaod quod ut oentrum speotatur. 

.Def, 3. Et Tim corporis seu cocpori insitam qna id oonatur perae- 

Bef. 3. Ut resisteatiibm quae est medii t-egulariter impedientis. 

D^. i. E^onentes quantitatam sunt ^iae qnaevia qua,iititateB pio- 
poctioDalea espoaitis. 

Uext come five laws, the term hypothesis here and in the 
subsequent leferences in. the maausotipt being altered to lex. 
Th.ese are as follows : 

Lesf 1. Sola vi inaita corpus anifonniter in linea reota eempev 
pergere Bi nil impediat. 

Lets 2. Matationem statna morendi vel qniesceudi proportion alem 
esae vi impressae et fieri Eeoandum lineata rectam qua tis ilia im~ 

Lex 3. Corpocum dato spatio incluaonim eosdem esse motns inter 
se sive spatium illud qaieeoat aive moveat id perpetuo et uniformitei in 
directum absque motu oirculari. 

Leic 4. Mutuis ODrporuni actionibiia commune oentmm gravitatis 
non mutare statum Buum motua vel quietia. CoQatat es Lege 3. 

Lex 5. Eesiatentiam medii ease ut medii illiua densitas et corpoiia 
moti spiiaerioa anperfioiea et velocitas canjanotim. 

These are succeeded by four lemmas as printed below — of 
which the third and fourth are the same as the first and second 
in the Royal Society's copy 

Lemma 1. Corpus imt-is coni m,ct i diignnal''m parallelograJnmi 
eodem tempore describere qiM laiera epa at a 

Si corpus dato tempore ti sola m ferretur ab 4. ad B, et vi aola ii 
ab A ad C, compleatur parallelogriminum ABDG, et vi utraque 




feretur id eodem tempore ab A ad D. Nam quouiam via m agit se- 
cundum lineam AC ipai BD parallelam, liaeo via, per Legem 3, nihil 
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mutabifc celetitatem aooodeadi a3 lineam illam BD vi altera in 
Acoedet igitur corpus eodem tempore ad liQeam BD sive yi 
primatur sive non, atque adeo in fine illius tempocia teperitur 
linea ilia BD. Eodem argumento in fine tempoiis ejusflen 
al[oubi in linea GD, eb proiade in utriusqua lineae c 
periri necease eat. 

Lemma 2. 8pati«m quod corpus urgente quaeartiiite vi 
ipso motus imtio describit esse in dwplicata raUone temporis. 

Esponantnr tempora par linoas AB, AD . D atia Ab, Ad pcopor. 
tionales, et urgente vi eentripeia aequabili esponentur apatia aescripta 







per areas raotiUueas ABF, ADH perpendiculia BF, DR, et raota quavia 
AFH termJnBtas, nfc eiposuit Galilaaus. Drgente autem vi oentripeta 
ioaequabili eiponantur apatia daaocipta per araaa ABG, ADE, carva 
qnavia ACE qnam reota AFH tangit in A, oompreliensas. Age reotani 
AM, parallelia Bi', bf, dh ooonrreutem ic G, 'j, e, et ipaia b/, dh ooourrat 
AFR prodaota in / et h. Qnoniam area ABG major eat area ABF [et] 
minor area ABG, et area ourvilinea ASEG [eat] major area ADH [et] 
minor area ADBa, erit area ABG ad araaj^ADSQ major quam area ABF 



ad aream ADEG, [et] m 
major quam area Aif ad art 
aream Adli.. Diminnantur jai 
dujn puncta A,B,Bc 



ADS, too eat 
Ade, [et] minor qnam area Abrj ad 
eae AB, AD io ratione ana data usque 
nea As eonveniet cam tangente Ak, 



is Ahf ad Ade et Abg ad Adh evadeafc es 
ratiooe Alf ad Adh. Sed haoc ratio est dnpla ratioaia Ab ad Ad, aeu 
AB ad AD. Ergo ratio ABG ad ADEC altimis illia intermedia jam fit 
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flupla latiooia AB ad AD, id eat ratio ultima eTanesoeDtimn spatiotnm 
Ben prima uascentium dapla est lationis tempomiu. 

Jjemma 3. Quiwiiifatea differeniiU snU proporiionales sitnt contiwiB 

Ponatar A b.3 A—B ut B ad B—C, efc C ad C— H, &o. et dividendo 
fiet 4 ad B nt B ad 0, et C ad B, &o. 

Lemma 4. Porailelogrammo ouram circa datum elUpHn descrijila 

Constat ex Conicis. 

Fext come eleven propositions. Tho first niae of them 
are headed De rnotu eorporum in mediis non resisteniibus. 
The last two are headed De motw eorporum in mediis resis- 
ientihus. Except for the following additioaa, the text is Bub- 
stantially the same as that ia the copy ia the poaeesaion of the 
Eoyal Society. 

At the end of corollary 5 to theorem 2 the following para- 
graph ia inserted ■ 

&ft! C Cll qtbft pbcoltl 

Q d t temj mp d m ttidtt mm 



4.t th d f tl 1 1 m t th 



Caet t t 1 Plan t <5p t 

d t ) 1 E m t m t d 



J 


mjnb 
m t t 


tl 


f 11 w 


d 


t ( t Ig 
PI t -u 


t 


L m d 
t p t 


^ 


p bt 
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ooinmodum admittantibua motus ij: 
omninm humani inganii. Omitte n 



A li 



ad 

craasae resiBtaat haeo madia lliniiatui igitui aeiis materia oraasa at 
ic eadem ciroitec proportions minuetur mi^dii rBBistentja uEClne dum ad 
aethens tenuitatem perventum eib (jclcri oursn eq iitantea veharaentei 
aeiis reaiBtentiam Eentiunt, at narjgantes exclnBis e man interiore 
Tontia mliil omnmo exaatliate piaatei fluents patiuntir Si bpi libeie 
interflaeret particulaa corpoium at bio agarat, non modo m SKteroam 
totiuB snperficiein sed etiam m superficies ein^ularum partium, longe 
major forat ejus ceaistentii Iiiterfluit aathei libernme nee tamen 
reaiBtit sensiljilitei Oometas infcft orbitam Satnrni descendere jam 
Bsntitiut Astionomi aaciores quotqnot distantiaa eoram as orbia magni 
parallaxi praeterpioptei ooUigece nocnnt , hi igitat caleiitate immenai 
in omnes coeli nostri partes indiffsrenter ferimtur, nee tamen yel orinem 
sea Taporem oapiti oircundatum reaistentia aetheria impaditnm et 
abreptnm amittnnt. riacetae TOro jam per annoB miUenoa in motn Sno 
persBYsrarmit, tautam atest ut impedimenfium eentaant. 

DamDUEt^ntJ^ igitiir legibus regnntur motas in coelia Sed m aere 
uostro, 61 rosiatentia ejus non iDnaideiatui, mnotascunt motus pro- 
jeotilium pei Prob 1 ot motns gravium perpendioulanter cadentiuni 
per Proh 5 poaito nimimm quod graYitas sit leoipiooe pcopoitionalia 
quadrato Jiatmtiae a i,entio teriie Nim vinum C(.ntcipetacum. 
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species una est gmvitai ; et computanti mihi pridut tib centi peti qia 
luna EOBtra detiaetur in mita suo mBiigbiiio oirca tBrrim ad Tim 
gravitatis [tis] in superficie terras lOLiprjce it qaadrata distant nrum 
a centre terrae quamprosime Es horologii oBciilatoni niitii tardiore 
in cacumine mootis praealti qiam la valle 1 iiuet etiam graTitatem es 
acota nostra a. tsrrae oentro dibiantia dimmu sed qua proport one 
nondiim observatum eat. 

Casternm projectilium motns in aeie noBtio leferendi sunt ad 
{mmensum eb revera immobile ooelocum apatiuiu uoa ad spatium 
mobile quod una oum terra et aeie nostro convoli itnr et a rusticis nt 
immobile spectatnr, layenienla eit Ellipaia qnam projeotile desonbit 
in spatio lUo veie immoli li et lade motaa ejus m apatio mobili deter 
minandM Eoo pacto ojlhg tur gravo qiiod de aelefio i sublimia 
vertioB demittitnr intei cilendnm deHaotere al q ant ilum a perpsn 
dioiilo, ut et quanta Sit lUa deflosio et quata in paitem Et yicisHim 
es doflenone e^peiiment s pomprobata coll git ur motaa teirae Cum 
ipse olim haoo defleiionani Clariaaimo Hootio aigaificarem 13 experi 
mento ter facto rem ita ae liabere coafirm rit deflfLt nte semper griti 
a pecpendioulo versus onenteai et iiatium it in latitadine nostra 
boreaH oportuit. 
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CHAPIEK y. 
PREPARATION OF THE PRIKCIPIA, 1685-1G8T. 
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occupying more time than lie " expected, and a great deal of it 
" to no purpose." This is also suggested by tlie preface to tlie 
first edition of the Pnncipia, where he saya that after he had 
begun to consider certain questions ho deferred publication till 
he had investigated them further. 

As a matter of fact, however, the work was finished in less 

than two years. "I wrote it," says he*, "in seventeen or 

eighteen months, beginning in the end of December, 1684, 

and sending it to the Eoyal Society in May, 1686, excepting 

that about ten or twelve of the propositions were composed 

before; viz. tlie let and 11th in December, 1679, the 6th, 

7th, 8th, 9th, lOth, 12th, 13th, and 17tb, Lib. I and the 

1st, 2nd, Srd, and 4th, Lib ii m [June and July] 16'il ' 

There cm be no doubt that the itatement about his work m 

Tune and July, 1C^4, is mcoiieet, since 'we cannot suppose 

that these propositions were established till aftei Halley's viait 

in August I think we may with more probability isaign the 

composition of tlie'ie piopo&itiong to August and Septembei, 

1684 Moreovei, the results of piops 18, 1^ 21, 30, 32, 33, 

34, 35 iveie gi\en m his lectures in the Michaelmas Term, 

1CS4, wbith ended on Dei, ID and as it la unlikely that 

he would Ime discovered the truth of these without also 

proving props 36, 37, 38, -19, we must suppose that by 

the legmniug of Decemher, 16^4, he was acquainted with 

most of the results gii en m 'sections i , i in , vi , and i ii of 

bonk 1 I "^hould also suppD-ie thit it is not utibkely that he 

wa^. ilreadj familiar with, a good deal ot the pure ^eometiy 

Mhich fcr concern m^e he incorpoiated m tlie Pnncipia 

Subject to this we shall see that the fir t two books were reallj 

written m about six months, and the period of eighteen months 

nhn,h the whole compcsition is said ts have occupied includes 

the time m which copies of them foi the press weie piepiied 

and much of the mateiiii for the thiid book collected 

1 quoted by Brewster, vol, i. p. 426; eee 
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That tliB composition occupied a year and a half ia repeated 
by Newton* in the following note: " The book of the Principles 
"was writ in about seventeen or eighteen months, whereof 
" about two were taken up with journeys, and the MS. waa 
"sent to the E. S. in spring 1686; and the shortness of the 
" time, in which I wrote it, makes me not ashamed of having 
"committed some faults." 

Of the breaks which altogether are said to have oeeupicd 
about two months, one ocBurred in March, 1685, and probably 
the only other one in J J ly f th y f It 

should be remarked, how th t Ith 1 1 tl y 

1685 Newton worked st d ly t th mp t f th 

Frinei^ia, he did not de\ 1: th wh 1 t 1 tt t t t 
and his note-books shoi^ th t h h m I 1 

carried on simultaneously d p d U d hi 

time during this year. 

As might be expected h h th litmtt fth 
Prindpia for his lectures t! M h Im T m ICS T! 
lectures are ten in number, and are written in the same manu- 
script as those for 1684. The first lecture is on what is printed 
ia the Frincipia as props. 22-35 (inclusive), and lemma 23 ; 
the second ia on props. 26-28, and lemmas 23-26 ; the third is 

" lu tho JIaoolesSeM Collection, quoted by Rigaud, p. 93. The fact 
was well known, and is maiitioned by Pemberton, see above, p. 11. 

t The time of the first break ia indicated by Newton in his latter to 
Aston (see above, p. 33). A record of the residence of fellows of the 
College waa kept, aa they were entitled during reeidenoa to 39. 4d. a 
week "pro pane et potu," namely, 10 loaves of bread at 13. each, 10 
quarts of small beer at Id. a qnart, and 10 quarts of strong beer at 2d. 
a qnart. The only period during the years 1685 and 1686 in whioh 
Newton is entered in thia record aa having been absent from College ia 
from March 27 to April 11, 1685, and from June 11 to June 30, lfi85, 
but as one day's residence may have covered some days on each aide of 
it, this may indioate an absence in all of some sis or seven weeks. Tbe 
College Bnttery books would be a mora conclusive test as to his con. 
tinuoua reaidence, bnt the volume for the period immediately previoas to 
Oct. 9, 1686, is missing. See the Cotes Con-esponttejice, pp. Ixniv-lzsxvi. 
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on props. 29, 30, and lemmas 27, 28 ; the fourth is on prop. 31 ; 
the fifth is on the seventh section, namely, props. 32-39 ; the 
sixth is on the eighth section, props. 40-42 ; the seventli is on 
props. 43, 44 ; the eightli is on prop. 45 ; the ninth is on 
props. 46-51 ; and the tenth lecture is on props. 52-54. 

His lectures in 1686 are lost, but it would seem most likely 
that they were on tke results given in the fifty-fifth and follow- 
ing propositions of book i. Those in 1687 are a popular 
exposition of the results of the third book. 

The considerable mechanicftl labour involved in writing out 
the manuscript of the Prineipia for the press was lightened by 
the employment of an amanuensis, named Humphrey Kewton 
but apparently no relation of Sir Isaac's. Humphrey Ifewton 
commenced his work "in the last year of King Charles II.," 
and as the King died on Feb. 2, 1685, we may reasonably 
suppose that Sir Isaac first employed his amanuensis when he 
began the composition of the Frinapia*. Humphrey Newton 
left Cambridge in 1689, thus serving Sir Isaac, says he, "for 
"about five years. In such time he wrote his Prineipia 
" Mathematica, which stupendous work, by his order, I copied 
"out before it went to the press." The same fact is mentioned 
by Newton in the memorandum from which an extract is 
quoted above on p. 58, where, after noting a mistake in book ii, 
prop. 10 of the first edition, he says: "there may have been 
" some other mistakes occasioned by the shortness of the time 
"in which the book was written, and by its being copied by 
" an amanuensis, who understood not what he copied, besides 
" the press faults." 

It would serve no useftil purpose to go here into minute 
details relating to the preparation of the Princtpia,. Early 
drafts of the commencement and other parts of it are in the 
Portsmouth Collection. In a few cases where these notes are 
fuller or differ materially from the corresponding propositions 

* Brewster, vol. ii. p. 50. Brewater'a remark tliat H. Newton was 
engaged from 1683 to 1689 mnst be a slip. 
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9.9 printed in the first edition, they might be added to a, critical 
edition of the work, but their production here would only over- 
load this essay. 

It may be interesting, however, to note the dates at which 
the various parts of the work were completed. Newton's 
lectures in the Michaelmas Term of 1684, and his tract De 
Motu, contain the substance of sections ii and iii of book i ; 
it was not until 1685*— probably early in the spring — that he 
determined the attraction of a spherical body on any external 
point. " 3^0 sooner," to quote from Dr. Glaisher's address on 
the bicentenary of the publication of the Prmcipia, "had 
" Newton proved this superb theorem — and we Icnow from his 
" own words that he had no expectation of so beautiful a result 
" till it emerged from his mathematical investigation — than all 
" the mechanism of the universe at once lay spread before him. 
" When he discovered the theorems that form the first three 
" sections of book i., when he gave them in his lectures of 
" 1684, he was unaware that the sun and earth exerted their 
" attractions as if they were but points. How different must 
"these propositions have seemed to Kewton's eyes when he 
"realised that these results, which he bad believed to be only 
" approximately true when applied to the solar system, were 
" really exact ! Hitherto they had been true only in so far as 
" he could regard the sun as a point compared to the distance 
" of the planets or the earth as a point compared to the distaace 
" of the moon — a distance amounting to only about sixty times 
" the earth's radius — but now they were mathematically true, 
"excepting only for the slight deviation from a perfectly 
"spherical form of the sun, earth, and planets. We can 
" imagine the effect of this sudden transition from approxima- 
" tion to exactitude in stimulating Newton's mind to still 
"greater efforts. It was now in his power to apply mathe- 
" matical analyaiSjVith absolute precision to the actual p 
"of astronomy." 

*"Hewtoa'9 letter oE June 20, 1G86, printed below, p, 157. 
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It is most likely that the manuscript of the first book was 
flnislied by about Eister, 1685, though certain correctioaa and 
additions were made'*' m the following winter. 

At the meeting of the Royal Society on April 21, 1636, 
Halley read a di-foouise concerning gravity whcreinf it is 
stated that his " woithy countryman Mr. Isaac Newton has an 
"incomparable Treatise of Motion almost ready for the press," 
and that tlie law of inverse squares " is the principle on which 
" Mr. Newton has made out all the phenomena of the celestial 
" motions so easily and naturally that its truth is past 
" dispute," 

At the meotingt of the Society on AprQ 28, 1686, "Dr. 
"Vincent presented to the Society a manuscript treatise iatitled 
" PliUosopMae Naturalis pi-indpia mathematica, and dedicated 
"to the Society by Mr. Isaac Newton, wherein he gives a 
" mathematical demonstration of the Copernican hypothesis as 
" proposed by Kepler, and makes out all the phaenomena of the 
"celestial motions by the only supposition of a gravitation 
" towards the center of the sun decreasing as the squares of the 
" distances therefrom reciprocally. It was ordered that a letter 
" of thanks be written to Mr. JSfewton ; and that the printing 
" of his book he referred to the consideration of the council; 
" and that in the mean time the book be put into the hands of 
" Mr, HaJlcy, to make a report thereof to the council." 

The preface was added later, and in the first edition bears 
no date, but in the second edition the date May S, 1686, was 
inserted. 

At the meetingg of the Koyal Society on May 19, 1686, it 
■was ordered "that Mr. I^ewton's Fhilosopldae naturalis 
" prijidpia mathematica be printed forthwith in quarto in a fair 
" letter ; and that a letter be written to him to signify the 
" Society's resolution, and to desire his opinion as to the print, 

* Kemton'H. letter of June 30, 1636, printed below, p, 15S. 

t Fhiloaophii^l Transactions, No. 179, 1686, pp. 6-8. 

i Birch, History of Boyal Socisiy, London, 1757, yo\. iv. pp, 479-480. 

g Ibid, p. 484. 



y Google 



PEEPiEATION OF THE PEINCiriA, 1635-1G87. 6iJ 

"volume, cuts, &a." To this was appanded tke lollowing 
note : " Mr. Halley wrote accordingly to Mr, Newton the 22d 
" of May the following letter," and then follows the letter 
printed below on pp. 154-155. 

At the meeting* ol the Couneil of the Society on June 2, 
1686, "it was ordered, that Mr. Newton's book he printed, and 
" that Mr. Halley undertake the business of looking after it, 
" and printing it at his own charge ; which he engaged to do." 

The extant correapondeuee of Newton and Halley in 
connection with the printing of the work is printed below in 
chapter viii. 

The manuscript of the first hook went to presst before 
June 7, 1686; and in the records of the meeting J of the Eoyal 
Society on Juno 30, 1686, there ia a minute, "Ordered .... 
" that the president be desired to license Mr. Newton's book 
"intitled Philosophiae naturalis Prindpia mathematica, and 
"dedicated to the Society," The consequent imprimatur of 
Pepys, the then president, is dated July 5. 

This first book is given up to the consideration of the motion 
of particles or bodies in free space either in known orbits, or 
under the action of known forces, or under their mutual attrac- 
tion. In it Kewton generalised the law of attraction into a 
statement that every particle of matter in the universe attracts 
every other particle with a force which varies directly as the 
product of their masses and inversely as the square of the dis- 
tance between them ; and he thence deduced the law of attrac- 
tion for spherical shells of constant density. 

The rough manuscript of the second book was finished in 
the summer of 1685, but was not written out as a clean oopy§ 
till after June 20, 1686; whether it was formally communi- 
cated to the Koyal Society is doubtful, and I am not aware of 
any minute on tlie subject ; at any rate the Society seem to 

* Birob, History of Royal Society, London, 1757, TOl. ir. p. 436. 

•f' Hailej'8 letter of Jnne 7, 1686, printed below, p. 156. 

J Birch, vol. iv. p. 4.91. 

g Newton's letter of Jane 20, 1686, printed below, p. 158. 
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have had no knowledg ft t t t m t g* on 

Jan. 26, 1687, when mm t f m D ^^ II a was 
read coneerning motion tm d t w rdered 

"that Mr. Kewton be c ult d wl tl I d g t treat of 
" the opposition of the m d m t b di m g t in the 
"treatise de Motu C ji tli n th p Newton 

replied on Feb, 18, 16 7 th t h h d dd d i hly to 

his paper of 1684, and th t tl w It w ted in 

his second book, which w till b p tl ugh it 

had been finishedf fo th p ss tl t m f 16 6. In 
consequence of the slo'\ p g ea tt p th tj p of the 

first book, the printers w t ly f th m ript of 

the second book; and fi Uy t t tl M h 1687J, 

that a eommencement f p t t d — d fFerent 

printer to the one to wh m th fi t 1 k h d b n ntrusted 
beiflg then employed | as to i J t th p hi cat n of the 
whole work. 

This second book t t fmtn estnmd um, and 

of hydrostatics and by 1 dyn m w th p 1 ppli tions to 
waves, tides, and aeon t N wt 1 d 1 t by bowing 

that the Cartesian fcbeo y f t m t t with known 

fa«ts and with the laws of motion. 

In his original scheme Newton intended |i to conQne the 
third book of the Frincipia to a bare sketch of the applications 
to the solar system of the results proved in the lirst hook. The 
work entitled De Sijstemate Mundi, issued posthumously in 
1731 (but of which a translation had been published in 1728), 

* Birch, vol. iv. p. 531. The mauuBoript of the first book was pro- 
bably in the continuous possession oE the Sooietj (except for the sheets 
temporarily sent to the prioters) from the date when it was formally 
prBBBDted to them, for it was referred to in connection with a point 
tbftt arose from a oommnnioation by Wallis at the meeting on March 9, 
1687 (Ibid, p. 628). 

f Newton's letter of Feb. 18, 1687, printed below, p. 169. 

t Newton's letter of March 1, 1687, printed below, p. 171. 

§ Hallej's letter of Feb. 24, 1687, printed below, p. 170, 

II Preface to book iii, see below, p. 106. 
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answers this description, aad it may be that it is a copy of 
this sketch. This opinion ia strengthened by the fact that 
Newton's professorial lectures given at the commencement o£ 
the Michaelmas Term, 1687— which have the same heading aa 
the first and second hooks of the Piineipia, namely, De Motu 
Oorporum, of which they may have been intended to be the 
coatinuation — agree with the opening pages of the De Syste,inat6 
Muvdi (see above, p. 28). If this be the correct view, these 
lectures are to he regarded as the germ of the third hook, and 
for that reason are referred to here. It may be, however, that 
they were written merely as lectures and embodying some of 
the results given in the third hook ; if so, they were prohahly 
written in 1687, after the completion of the third book. 

The preparation of the third book required a knowledge of 
numerous astronomical data with most of which JSewton must 
have been previously unacquainted. It was fortunate that he 
was able to consult ao skilful an astronomer as Flamsteed, 
from whom he obtained mncli of the necessary information*. 

* Of the lattara that passed betvraen Nevrtoa and Flamateed during 
the jears 1684-1636, eleven, are extant, aamelj, Flaxusteed to NewtoD, 
Deo, 27. 1684; Jan. 5, 1685; and Jan. 27, 1635; Hewton to Flamsteefl, 
Sept 19, 16S5j Fldiusteed to Newton, Sept. £6, 1685, and Oct. 10, 
1635 J NewtOQ to Flamsteed, Oot. 14, 1685 j Deo. 30, 1685; Jan. 13, 
1686 ; and Sept. 3, 1686 ; Flamsteed to MewCon, Sept. 9, 1686 : of these 
the sis from Flamsteed are in the FoTtsm.o'nt'h Collattion, seottoa Vl. 
diviaion 17 i the fiye from Newton, and Flamsteed'a draft of the letter 
of Sept, 26, 1035 (which differs oonsideraWy from the letter sent) are 
printed in the QeaeraX Diotionary, London, 1733, vol. rii. pp. 793-7&7. 
Of preoious commanications concerning the comet of 1680, estracts 
from {or copies of) five letters are estant, namely, estraot of letter 
from Plamateed, Feb. 12, 1681 ; Newtoc to Flamsteed through Ccomp- 
ton, Feb. 38, 1661 ; Flamsteed to Crompton (tor Newton), March 7, 
1681 i Newton to Flamsteed (and Newton's first draft of April 12, 
and his memoranda when writing it), April 16, 1681 ; draft of Newton 
to riamsteed, Deo. 29, 1681 ; see Fortsmouth Gallection, section ti. 
division iv, General Diotiortary, vol. vii. pp. 7S8-793 ; Brewster, vol. i. 
pp. 362-261; vol. ii. pp. 50-63. The oiiginals of the letters received 
by Flamsteed are in the library of Corpus Christi College, Osford. 
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Moreover Halley — tD ^ horn the inception of tlie woil wa^ luc 

and who as I shall shjw duectly bore the cost uf piolicm^ 

t — absioted"* him in collecting the requisite inf imition The 

roighmm scr j t of thia bo k (excspt foi the paito deihaj, with 

conietarj n ot on) was hni hedf Ij June 1C36 anl Kigaudt 

seems to have tl ou ht thdt thp principal propositions on 

cometaiy mot i i a! hn si c I 1 j that tim th gh they 

ere not r tten o t n the n an ci j t 

I have already alladed to tl e d 1 toiy manner in vl h tl e 

ji nto s set u] the fi st book and hive state! that after an 

unneces ary lelay of it months the econd 1 o 1 wis f,iven to 

anothei firm The mannscru t uf the th rd 1 ook vas ready for 

press m March, 1687, and it was at first proposed to hand it to 

a third printer §; bnt, the printers of the first hook having 

promised to work off the manuscript rapidly, it was iinally sent 

to thamil on April 5, 1687 ; and at the meetingH of the Eoyal 

Society on April 6, 1687, it was formally presented to the 

Society. "After the minutes of the last meeting were read, 

the third book of Mr. N'ewton'a treatise De Systemaie Muncli 

was produced and presented to the Society, It contained the 

whole system of celestial motions, as well of the secondary 

as primary planets, with the theory of comets ; which he 

illustrates hy the example of the great comet of 168y, 

proving that, which appeared in the morning in the month of 

XoT. preceding, to have been the same comet, that was 

observed in Dec. and Jan, in the evening." 

In this third book the theoi-ems proved in the first book are 

applied to the chief phenomena of the solar system, the masses 

and distances of the planets and (ivhenever saffioient data 

esisted) of their satellites are determined. In particular the 

" Probably so, see Rigaud, p. 7l, and prefaoe to Prind'pia. 
t Newton's letter o£ June 20, 16S6, printed below, p. 153. 
% Eigand, p. 78, 

§. Hallay'a letter of March 7, 1687, printed below, p. 171. 
I; Halley'3 letter of April 5, 1037, priatoa below, p. 173. 
'i Birch, Tol. ir, pp, 539-530. 
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motion ol tile moon, tha various inequalities thereiu, and the 
theory of the tides aio worked out in detail. Newton also 
investigated the theory of comets, showed that they belong to 
the solar system, explained how from three observations the 
orbit could be determined, and illustrated his results by con- 
sidering certain special comets. 

The Prineipia containing all three books was issued* from 
the press in July, 1687 ; and with it was bound a singularly 
graceful set of verses by Halley addressed to Kewtou. 

From the minutes of the Eoyal Society of May 19, 1686 
(see above, p. 62), it will be seen that the Society, immediately 
after the presentation of the first book in April, 1686, directed 
that it should be printed and published at their expense, but 
the minute of the Council of June 2, 1686, shows that in fact 
the whole cost was borne by Halley. The truth seems to be 
that the Society had not sufficient funds in hand to enable the 
Council to carry out the order of May 19, and they were 
relieved from the embarrassment by the generosity of Halleyt- 
The burden that he thus undertook was heavier than appears 
on the face of the documents. He had been brought up as a 
son of a rieli man, and had no profession ; he had married in 
1682, and by this time had a wife and young children depen- 
dent on him ; but on the death of his father in the first half of 
1684 he found himself unexpectedly reduced to comparative 
poverty, and on Jan. 27, 1686, he was glad to accept the 
position of clerk and assistant to the secretaries of the Eoyal 
Society at a stipendj of £50 a year — a post he continued to 
occupy till 1698. Moreover, the liability for which he thus 
made himself responsible was considerable ; for the edition was 
a small one — perhaps comprising not more than 250 copies — 
he gave away 2i copies, and the work was sold in sheets at 
the wholesale price of 5 shillings cash, or retail 9 shillings a 

• Halley'a letter of Jaly 5, 1687, printed below, p. 173, 

+ Bigaud, pp. 83-37. 

J Bicoh, History of the Royal Society, Londou, 1757, vol. iv. p. 450. 
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copy bound in caK, so that in any case he must have been 
considerably out of pocket by it, 

Halley did not confine bi-' generosity to piying the bill for 
it^tlwkhtktlllttot tsigi=^ 
h t dtlptwlbbfldt dtadh I 
Itdmt If Itbdbk ill) tl bf 
1 J f tl 1 t f tl 1 F Ily ir87 

h t wl b t d d t U I tt 

t to tl w 1 d wl h t p t f tl Cb f 

d t d th m th d by 1 h th y p d 

A f I 1 w tl ly th t mp J w f tb 

■woik was one which appealed m the Acta Si udttui utn foi 
June, 1688 [pp. 303-^15]; but it is, and purports to be, little 
more than a synopsis of the contents. 

When Halley wrote the letter of May 22, 1686, acquainting 
N wt w th th 1 f tl E y 1 & tj t p bl h th 

P 2 h ftuntljf dt asyltd be 

Hk dtttbmt thhtlim itw 

I t I t th S tj It 11 mt th t D A t 

p t ^ tl k i th fe ty h d pass d 1 1 

mm t 1 th t th Itj 1 d ty f th 

Ij t b 1 ml m 1 d th t IS" t b I 

d th th g f th t th w m t b dd d 

d bu^ J b H kj tl p t 1 f I f H k wh 
il h d I d tb t t was m 1 th m t b 
1 n 1 tb t t w t d 1 p f t 1 t th m t 

Th ^ ff t II k 1 t d th t b 1 d 1 

ly int m 1 S I 1 f b t t Aft 

tb m t b k p m f tb m ml Ij m d to 

ff 1 1 th H k d d t 1 1 f th t 
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THE CONTPOVERST WITH HOOkE I 

he had some sucli thing by him and that he had gii en Newtrni 
the firat hint jf the im ention, Iiut the member? do not beem to 
hive given Hjoke much crelit oi sjmpathy, and it miy bo 
stated that neithei in thu opinion o£ his cmtemporaiisa norm 
that of posteiity w^ It oka a daim justified e^ci-ept in the veiy 
limited sense indicated bi,low !Xewton it once — on Mii 27, 
and again on June 20 — waimlj repudiate 1 what he logaided is 
an attack on his honesty 

The greater put if the coir&spondence of lt)73 on which 
Hooke based his claim is punted below (■>ee chapter viu ) aa 
also are Wewton'a lettei of 16S6 to llillej on the subject tj 
these is added Hooke's statement of his case, 30 that the reader 
can judge foe himself of the justice of the assertion, 

These doeumeuta proTo (what was never denied) that Hooke, 
like other physicists of the time, had pondered on how the 
celestial motions were produced ; that he suggested gravitation as 
influencing these motions, and perhaps conjectured that it was 
the sole C1USC of them ■ that he believpd that gravitation was pro- 
p t nal t tl n i f th d t n and p bly that 

t w ul 1 b f 1 th t 11 p U b d bed und h 

af d t d t n £ t f Th i^asl ^hly d t U 

an 1 mj. f ably w th th nt mp y t t 

fHygnsTl nandHlly Itt aln tpfna 
m hw na ta uslmttnSl 

exampl ay CI a t jn t d 1 y R i nt a f 

q ell distan 1 y a t e un v nt nt e ue et ui e 
t d m t 
It w Id m th t H k al hi d th t t w n 
h nt p p ty £ 1 t al b d t att a t tl 11 bj 
f d tdtth tesbywhlph]lm ant 

th u nt £ g ty In th as f ph th t u 
b t app ntl H k d m 1 t t b t wh t tl 

1 ap f th b ly a 1 th t tl 1 th t f tl n 

squai-e of the distance inside as well as outeide the bodies. This 

* Du Chastelet, Prmdpes, Facia, 1750, vol. ii, p. 6 ; Rigaufl, p. C0. 
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also was a mere conjecture, thougli on the strength of it he 
asserted (correctly) that the spiral path mentioned by Newton 
in his letter of Nov. 38, 1678, was wrong. 

In Hooke's statement of his case 1p la>3 stress (i) on a 
certain hypothesis he had puhUshed in H i and (ii) on the 
correspondence of 1679. 

The introduction of the hypothesis of 1574 seems to have 
been an afterthought, and he did not bung it forward till mnch 
later. It is not therefore all led to eitbe by Newton or by 
Halley, but it may be well to lesor 1 e it here briefly. In a 
letter from HooIcb of June 7, 1079 wl ich I have found among 
his papers, he explains this hypotho s thu*! " The reason of 
"the inequality of the celestiall motions I conceive (as I have 
" mentioned in some of those later pamphlets I have published) 
" to be from [the] double cause of their mot on the first of which 
"beinff the direct I suppose [it has from the first movor] to be 
" eq 11 1 1 y th m b t tl 1 b g t 

"ti t th t 11 1- ly h h 1 3 b I th t 

"di t m t n ato 1 11 I upp ^ 11 

"anl 1 y ] i f 11 at t tl 1 1 t n 

"fr m th t 11 ttra fc b dy— th m p w I 

" sutp th th It mm n t 11 b dj A I 

" th um t I n gn t 1 dist m d m % 1 

" 00 d d th m 1 f t th t m 1 t th I 

" m t n f 1 y b dy th th will m k t 11 th 
"eel t 11 m t 1 phy 11 d m tl m t illy 

"to 1 1 t t n f tl m 1 h I Id ly 1 1 d I 
" tim t p I tl t mpl J h 1 1 h 1 tl U h f d 

" otl th t 11 tl 1 1 Tl 1 m t est 

mat f h m If th 1 E th w th p t f lit 

in y cas th f t Ih t II 1 th m d tt pt t 

apply his hypothesis, or failed to deduce any lesulte, renders it 
little more than a clever guess by an able man, and there can 
be no doubt that Hewton's work was uninfluenced by it. 

Tlie chief claim made by Hooke was to the effect that from 
him Newton had, in 1679, obtained the idea of a central force 
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whoso magnitude varied inversely as tbe square of the distance, 
Newton at once leplied* giving a summary of what took place 
in 1S79 ; he admitted that Hoolce then mentioned the law, and 
t t d th t dj ^ t t th m t f tl pi t m It 

b pi 1 1 th 1 d a d B t th t m 

m f H k h h f sa dly h h 1 t fied ( 
jhiitt fT 1 leOptdbl p 140) 
fth t hwthtl ^ t as t dhtdtHk 

f th 1 f th 1 w f 1 IT wt p fi 

thr cas m wh h p t 167^ h h d d th 1 w 
11 d I t t m ly ( ) h t g t 1 66 ( ) h 

1 tt t J 33 1 3 t Old b g 1 () his 1 1 
1 Ifc p t d t t! F J I ty B 16 5 h in 

h h d t ly nl d th 1 pi -t pt 1 

ph m 1 t h I jj^ t d mil 1 1 

tj h tw th th d pi t th tl d 

pd £th Itlmt fcl Hlptd 

t th t 1 3 II y h d pi tly t t 1 th 1 w f 

j^ thcafulmt d mpl 1 th t 

th f d y m th ra t h d 1 tl Ij t 

f II it pl-u t y m t 11 t lly t k tl I w f 

(1 th m t I 1 hi 1 p th — th ly 

1 fli ulty bgt fyt IhHk mth 

Im tt d h h d t d M tl d f 1 

ty y 1 t tl 1 w f tl 1 f 

tilt IS b U w ftldb 

t d by I rl d B H n t th gh h f m j t 1 t 
in favoHr of a force varying directly aa the distance. To this 
we may add (i) that Halley and Wren tegiided Hooka's state- 
ments to them in 1684 aa not justified hy his knowledge; 
(ii) that Hooke was aware of Newton'o m\eatigations in 168i 
(which involve this point), hut he nnde no eliim till 1686 ; 

* Newton's letter of May 27, 1G86, printed below, p. 155. 
+ Newton's letter of Jane 20, 1686, printed below, p. 159. 
tf. Bullialdus, Aatrowmia Philolaica, Paris, 1615, p. 23. 
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and (iii) that A. Wood, the author of Atheime Oxonienses, 

■whose natural Viss ■would not have lieen against Hooke, and to 

whom Hooke had applied through Aubrey for a favourable 

mention, declined to insert it*. I may also remark that, until 

.he actual publication of the Prindpia, Hooko so little aue- 

cted or realised the idea of universal gravitation in the sense 

■which H'ewton used it, that in a leoturef given on May 25, 

1687, he said : " I know that if tlie gravitating Power in the 

Sun and Moon be exactly the same with tliat of the Earth, 

■' the Query I propounded can have no ground ; but tho' they 

may in moat particulars be consonant, as I shall prove in my 

Theory of Gravity, yet there may be a cause (and there seems 

t b m " bl ) hy th ay be somethiDg Spacifick 

m h 

H h d the universal claimant," 

d n n fi question then discussed, 

d d h fE bis great ability would 

h hm m aluable discoveries; but 

y h n w nd incomplete, while his 

aas n wh h h p d were sometimes reckless, 

nd a n nfi n d by h x an p pers. He seems however 

h dmdhug Id be carefully eximined 

by h n mp ranes and n h p 

f any fu h n tag n b m 

Hook L d m n h h 



f IlMi,e 3 Poithiimoub TTorls, edited by R. Waller, London, 170o, 
p. £46. 

t Brewater, vol. i. p, 78. 
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Koivton had propounded his views on light Hooke made* some 
deprpciatory remarks on their originality, and, though Newton 
mauitained his ground, he was so annoyed at the manner in 
■\\hich Hooke had spoken that he refused to allow his optical 
loseaiches to he puhlished in hook-form until after Hooke's death 
m 1T01 It is prohahle that Newton's refnfal in 1679 to open 
a '■ philosophical correspondence" with Hooke was largely based 
on his knowledge of Hooke's character; the correspondence, 
such as it was, had been forced on Newton against his will, and 
he was not unnaturally angry at Hooke's assertion of plagiarism, 
and at the fact that his conduct should have been misrepresented 
behind his hack. 

Th fi t t hi f th P ' V ■ h d ht n al dy 
fi h 1 b t N wt t d 1 I h nt nt n t pp 

th thi d b k th th ff thes lu t u t n 1 

1 d p t thu f 1 n h m Hall j m t h 
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* Brewster, vol. i. pp. 13S-lil. 
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CHAPTER VI. 
ANALYSIS OF THE PRINCIPIA. 

Is the last chapter I mentioned in the briefest possible terms 
the object and contents of the three hooks of the Principia. 
In this chapter I propose to indicate the subjects of the 
successive propositions. Tho worls itself is so easily accessible 
that I shall not describe the proofs nor discuss the arrangement 
of the work, bni shall confine myself to a mere list of the 
results established. Moreover, I wish explicitly to call the 
attention of the reader to the fact that in general the enuncia- 
tions of the propositions and the prefatory and other notes are 
not translated literally. 

A complete edition of the Pnnd'pia should, I think, ahow 
the changes made in the second edition, and the further changes 
introduced in the third edition. I possess in. manuscript a 
list of the additions and variations made in the second edition ; 
the changes are very numerous, in fact I find that of the 
494 {i.e. 510-16) pages in the first edition 397 are more 
or less modified in the second edition. Tlie most impor- 
tant alterations are the new preface by Cotes ; t he prgp ositigiis 
on^the re sistance of fluids , book ij. section vii, props. 3 4- 40 j 
the lunar theory in book iii. ; the proposition on the precession 
of the equinoxes, book iii. prop. 39 ; and the propositions on 
the theory of comets, book iii. props. 41, 43. I have not 
formed a list of the changes introduced into the third edition, 
but I believe that the hulk of them are given in the list by 
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AT m wh 1 p t d l)j E te th m t mi ta t 

be g th hh^m fl . -. b 1 1 mm 1 th 

J t t "w hi m th mj^ Uk-^ -_ ^ 

bk pp33t hih TmJ dd t f m 

!dt L-_L_3_J ^ i. ^ '^^ * "^ '^ 

f llmg th ^h t d th f m f h t ml 

b t b 1 

A y f tl th d t ns ill Im t q Uy w 11 f 

diawmf, up a sy ops s o£ th t t f th w k wl ( 
thia chapter) the proofs are not described, hut in most cases 
if the proofs differ materially I have stated the fact. 

Preface, 
The first edition is preceded by a preface by Sowton, to 
which in the second edition the date May R 1686, was added. 
Here "N^e vto des r 1 es hr eflj the object of the work and his 
ideas of philosophy he a 1 nowledi^ea his obligations to Halley 
and the Poyal S c ety and mentions a few facts connected 
witl the preparat on of the look f r the i ess. "^o the second 
edton he irefixed a slort note dafel March 28, 1713, while 
Cotes adde I a lo g p eface dated May 1 1713, in which he 
in 1 cite th cha ^es nt od el In the third edition Newton 
insetela h t p efatory note date 1 Jin 1 1725-6. 

The preface to the first edition commences with a statoment of the 
object of the work and s, comparison of the methods used ia mechanics 
and geometry, 

Newton tiien explains tliat the book is entitled the mathematical 
J [I f ph ! phy, because, says he, all the difficulty of philoHOphy 

m to t this— to find from the phenomena of motion the. 

1 w f th f n nature, and then from these laws to deduce 

th ph this 18 the objaot of the general propositions in 

h fi t 1 I books, while in the third book the laws are 

ppl d t pi the phenomena of the solar system. I wish, be 
t th t w uld derive the rest of the phenomena in nature by 

th m kmd f easoniiig from mechanical principles ; for I am 

' Brewster, vol. ii. pp. 304- 309, 414-119. 
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led 1 y m y t i t th t 11 tl ph m may de- 

pdp t f bjwhhtlip 1 fbd (by some 

aa y t k w ) h m t lly mj U d t w rds each 

th d I g 1 fi p 11 1 d de from 

h tt wh h f b g L ph 1 ph h hitherto 

tegtdt BIhpthtthj ]1 here laid 

d will f£ i 1 ht h t th t m thod of 

phi ]hy Ipp gthwlhp dthtmt ate aad 

1 d h 1 Ml Edm d H 11 y h 1 ly tod me 

b t g th p E h t I L t th general 

g m t tl 11 f t t 1 1 t t thai its 

p 11 t d r hi had b d f m m my proof of 

th fig f tb ! t 1 1 h t ally d t omnmni- 

t t th B y 1 '^ ty wh fh by th q t nd kind 

t ■ d d t th' k £ bV M "t B t f T. I & 

ed es 



Belies, the oibits of cometB and similar problems I thought tl 

cation should es g 

and could put g bo W 

lunar theory g m 

corollaries of 6 g g n 

tbe several eHe ts m m 

subject deserv d j 

Some things, d d 

Buitable, rathe g mbe os 

refereuoBS. I rt g ha 

iaay be read 1 diffi 



The Pi-in 
followed by 



density and vo a 
ie estimated by 



y Google 



DEFIKITIOKS AND AXIOMS. 77 

Def. 2. The ■.amneniam of a body is measured by the product of Us 

Def. 3. The inertia of a body is its tendency to continue in its state 
of lest or of uniform motion in a straight line. 

Def. 4. A foroa impressed on a body is an aotioii which tends to 
change its state ot rest or of nniform motion in a straight line. 

Def. 5. A force is aaid to be centripetal if it tend to move the body 
towards a paint. In the second and third editions this is iiluatrated hy 
a discnssian of the aotioii of gravity. 

Bef. 6. An abeoluie farce or the absolute quantity of a centripetal 
force IB proportional to and is measured by the efficacy of the cause 
that propagates it from the centre [and thus ex. gr. by its magnitude at 
a unit distance]. 

Bef. 7- An accelerative force or the accelerative quantity of a cen- 
tripetal force is pvoportioaa] to and is meaSured by the velooity gene- 
rated in a givaa time. 

Def. 8. A moving force or the moving quantity of a centripetal 
force is proportional to and is measured by the momentum generated in 

Note. To the above definitions Newton appends a memorandum 
that his object ia to discuss the mathematical elTectsoE forces, and that 
his language is not to be taken as implying any physical theory aa to 
the cause or origin of force. 

Scholium. On the conoeptiona of time, space, place, and motion ; 
which ideas are classiBed into abaolnte aud relative, true and apparent, 
mathematical and common. 

AsiOMS oit Laws of Motion. 

Th.e definitions are followed by three laws of motion, which 
are aa follows ; 

Laial, Every body continues in its state of rest or of uniform 
motion in a straight line unless compelled to change that state by forces 
impressed on it. [This seems to be a consequence of the second lair, 
and it so it ia not clear why it was enunciated aa a separate law.] 

Law 2. The ohan a f m mentum [per unit of time] ia alvirays pro- 
portional to the movin f e mp as d, and takes place in the direc- 
tion in which the force s mp e d 

Luvi S. To every a n f n body on another there is always 
opposed an equal and pi s te ea f n jf the second body ca the flrst. 

To those laws bIk U a aided, namely, (i) the parallelo- 

gram of forces ; (ii) n tl omp t and resolution ot forces ; (iii) 
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the total momentum ot a Bjatem of bodies in any direction ie unaffected 
hy their mntual actions ; (iv) the state of motion or rest of the centre 
of graritj' of a ajatem of bodies is unaffeoted by their mntnal aotiona ; 
(s) the relative motions oE bodies in a given apace are tbe same 
whether that spaco Is at rest or in nciform motion in a straight line ; 
and (tI) the relative motions ot bodies are ucaEEected by imposing equal 
and parallel accelerations on each of tbem. 

SchoU-am. On the history of the laws of motion; the relations 
between the apace desoribed, the time occnpied, and the velocity ac- 
quired in uniformly aooelerated motion; the evidence for tbe trnth of 
the laws of motion; and iho meaning to be aaaigned to them. 'Phla 
scholium contains also an account of various esporimenta made by 
Nemton, and an indication of the principle of oonaerratlon of energy as 
far as machines are concerned. 

Book I. On the Motion of Bodies in Ukresisting Mediums, 
Kewton divides the Princi-pia into three books : tlie first 
on the motion of bodies in unresisting mediums, the second on 
the motion of bodies in resisting mediums, and the thiid on 
the application of tlie results of the first two books to the 
explanation of the solar system. 

The first book is divided into fourteen sections as follows : 

Seltios 1. — On iTie methoi of prime and ultimate raiios. 

Leii ma. 1 On the deSnition of a limit. 

181111103 2 3, 4. On the quadrature of curves. 

Lam na 5 On similar figures. 

Le iwms 7, 8. On the ultimate equality of the evaueeoent arc, 
ohord and tangent of a continnons curve. 

J>n n 9 On the ratio of the areas of certain evaneaoent triangles. 

Lem 1 10. The spaces which a body describes [from rest] under 
any finite force, whether constant or contiaually increasing or con- 
tinnally decreasing, are in tbe very beginning of tbe motion In the 
dnplioate ratio of the times of desnription. 

Lem a 11, On tbe measure of curvature. 

Scyoh m In this Is included a comparison of the method of limits, 
the method of exhaustions, and the method of indivisibles. 

Section 11.— Oa fhe determination of centripetal forces. 
Prop. 1. If a body describe an orbit under forces to a fised point, 
the areas which it describes by radii drawn to the Pied centre of foroe 
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are ia ace fised plane, and aie proportional to the times of describing 
them. Hence (cor. 1 of eeoond aud third eaitions) the velocity at any 
point is inversely proportional to the perpendicnlar from the centre of 
force on the tangent at the point. 

[The eitenaion (attritated to llaohin) to the problem of theae botlies 
ia as follows ; If a particle P move un3er the attractions of two central 
forces diceoted to poiat'j S and T reapectivoly and in a direction not 
lying in the il PBT th th 1 m it t ly th triangle 

PST ia propo 1th f d pt Al th elooitj of 

1' at any poin f bt lyppt Itth rectangle 

TZ X 8M, wher TZ th p p d 1 d w f 1 the tangent 
to the orhit at J dlT hpplnldwfmSon the 
plane TPZ. Al th ral t TP vr 11 | 1 m ments of 

time, sweep t ql ivhdfl: PP^ onal to 

f X TZ X P7ISF y/h f th 1 d Y th p pen 1 oalat 

from 8 on the ta <^ t th b fc t i ( th Ph I ph al T s 
actions, 1769, ! p i-78 d H 1 y ft Jp 1 iv pp 

419-42B).] 

Props. 2, 3. If the areas thus described about a point be proportional 
to the times of description, the body is acted on by a centripetal force 
to that point and the forces (if any) on that point. 

Pioy 4 On the centripetal force on a body which deaoribefi a 
circle uniformly. The proof in the first edition was rewritten in the 
later editions. To thia proposition was added a acholiiim on the 
mveatigations of Wren, Hooke, Halley, and Huygens (aee below, p. 16B), 
and a copy of Newton's earliest proof of this proposition (see above, 
P 13) 

Prai 5 A body describes an orbit under a centripetal force, and 
ita velocity at three points of the orbit ia known : to find the centre 
of force. 

Prop. 6. On the law of force to a given point under which a body 
describes a given orbit. The proof given in the first edition was 
lewntten in the latei ed t ens 

Pr J 7 Application of prop 6 to the cise of a body describing a 
circular orb t abont a point in its i lane la the first edition the pro- 
position was confined to the paiticnlar cis when the point ia on the 
circumference 

Prop 8 Applioat on of prop 6 to the case of d body describing a 
semiciiole undei a for:,e peipendiuulai to the bound ng diameter. 

Prop. 9. Application of prop, b to the case of a body describing an 
eqniangalar spiral about the pole. 

Lemma 12. The areas of parallelogi'ams, formed by tangents to 
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an ellipse (oc hypeiliola) and parallel to any pair of i,onjngate diameters 
are equal ; sea lemma 1 of the tract I>* MAv, q loted above on p. 36. 

Prop. 10. On tlie law of foioe under which a body deSoribeB an 
ellipsB about the oentie A second and alternative proof was added id 
tbe second and third editions 

Schnlium. On motion (similar to that desoribed !□ prop. 10) in a 
parabola or hyperbola 

Section III.— Oji the motion of bodies in eccenhrio co-urn. 

Pfaps, 11, 12, On the law of centripetal force nader which a body 
doBoribea an ellipse abont a foeua, and a hyperbola about a fooue. The 
alternative proofs wore added in the seoond edition. 

L&miiiOt 13. In a parabola the latas rectum of a vertes ia four 
times the fooal distance of that vertes. 

Lemma 14. In a parabola the leagth of the perpendionlar from the 
focus on a tangent is a mean proportional between the distances of the 
foons from the point of oontaat and from the prinoipal vertex. 

Prop. 13. On the law of centripetal force under which a body 
desoribeH a parabola about the focus. 

To this proposition and to props. 11, 12 wore added two corollaries 
in which it is proved that, if a body be projected in any manner under a 
centripetal force which varies as the inverse square of the distance, 
the orbit must be a conic having that point as foons. 

Pi'op. 11. If any number oE bodies revolve about a common centre, 
and the centripetal force vary inversaly aa the square of the distance, 
then the latera recta of such orbits ace in the duplicate ratio of the 
areas described by the focal radii in the same time. 

Prop. IB. The periodic times in such elliptic orbits are in the sea- 
guiplicate ratio of their major axes. 

Prop. 16. The velocities of the bodies at any points in such orbits 
are in the ratio compounded of the inverse ratio of the lengths of the 
perpendiculars drawn from the focus on the tangents afc those points 
and the subduphcite ritio of the latera laota of the orb ts 

Fro^. 17. To determine the oib t described by a bidy projected 
from any given point in any given direction with iny given vpIoo ty 
under a central foica which vaties inversely a? the s ^niie of the 
distance. 

To prop. 17 were added foui cirollacies— two of which describe 
the nietbod of tieating disturb ng torcea— ind in thp second ed tioa 
a scholinm was appended on motion in a conic under a centripetal force 
to any point. 
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[This and tte next aeotion are a digreaaion on pure geometry, and 
hare but little connection with the rest of the Prinopia.] 

Lemma 15. If from 17, one of the two fuo! of an. ellipae (or hyper- 
bola), any line HV be drawn eqnal to the principal (or major) asia of 
the oonio, and if F be joined to the other foons S, then the orthogonal 
bisector of SF will touch the conic ; and vice versS. if the orthogonal 
bisBofcor of SF touch the conic, then HF will ba eiiual to the principal asia. 

Prop. 18. To deacribe an ellipae and a hyperbola with a given fooua ; 
and a, given principal aaie ; and to paaa through two given points, or to 
touch two given straight lines, or to pasa through one given point and 
touot one given straight line. 

Prc^. 19. To describe a parabola with a given foous ; and to pass 
through two given points, or to touch two given straight lines or to 
pass through one given point and touch one given straight Ima 

Pj'op, 20. To describe a oonio with a given focus, and of given 
eooontricity ; and to pass through two given points, or to touch two 
given straight lines, or to paaa ihrongh one given point and touch ono 
given straight line, or to touoh a given straight line at a given point 
[The Oouatruotiona here and in many of the following propositions refer 
only to central conioa ; the parabola being treated as a limiting case, 
unless it is eiplicitly considered.] 

LernmalG. Having given three points 1 B, 0, to find a p5int ji 
suob. that ZA - ZB and ZA - ZO shall be ec[ual to anv given quantities 

Prey. 31. To describe a conic with a giien focua, and to aatiaty 
three conditions, either of passing through given points Ox touchiU;, 
^ven straight lines. 

SckoUum. On conjugate hyperbolas , and on inother constiuotion 
for the problem in prop. 21 applicable to the case when three pomts 
are given. 

Section Y .—Determination of comes from giuen condiltoni, n<ithet Jian 
6eing given 

Lemvia 17. If a trapezium ABGD be inscribed in ■» gnon conic, 
and P be any point on the conic, then the rectangle undei the peipen 
diculara from. F on AB, CD will be to the rectangle undei the per- 
pendiculars from P on AD, W in a given latio Kewton enunciates 
the proposition so as to include also the case when the lines diawn Eiom 
P meet the lines AB, CD, AT), BG at any constant angles. 

■Lemma, 18. Conversely, if these rectangles be in a given ratio, P will 
lie somewhere on a conio described about ABGD. 
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Scholium. In lewmaa 17 and 18 the oouics may be degeneiabe ; ttleo 
tbe results are true even though some of the points in the figure are at 
an inSnite distance. 

Lemryia 19. Under tlie aame conditions, to find a point P such that 
these reotanglea shall bo to ona another in a gireu ratio ; and (oor. 2) 
to find the loons of P. 

Lenvma 20. It A, B, 0, D, P be points on a conic, and if from P 
lines P8, PQ drawn respeotively parallel to J.B, AG out AO, AB in 8 
and Q, aud if BD out P3 in T, and if CD out PQ in R, theuwiU the 
raUo PH : FT be determined. And, vice verflfi, if PB : FT be in a given 
ratio, then the loons of D will be a oonio pasaiog through A, B, 0, P. 
Hence (oor. 3) two oonioa oanuot out in more than four points. 
Lemma 31. If any point 3f on a given straight line be joined to two 
fixed poiuta B and C, and it through B a line BD be drawn matiog a 
given angle with MB, and through a liua CD be drawn xoatlug a 
^ven angle with MO, then the looas of the point of intereeotion of 
BD and CD is a conic passing through B and C. And, vice veraft, it 
D be a point on a oonio passing through A, B, C, and if the angle DBM 
be made equal to the angle ABO, and DCM equal to ACB, then the 
locus of M will Ije a straight line. 

Prop. 22. To describe a conio to paaa through five given points. 
Newton gives two solutions, one geometrical and ona mechanical, and 
shows how to find the centre and latua rootum of the conic. 

Bcholiv/tn. On a simplification of the geometrical construction given 
in prop. 22, 

Frop. 23. To describe a eonio to pass through four given points and 
tench a given straight line. Newton gives two solutions. 

Prop. 24. To describe a conic to pass through three given points 
and touch two given straight lines. 

Lemma 22. On the transformation of figures hy conical projection. 
Prop. as. To describe a oonio to pass through two given points and 
touch three given straight lines. 

Frop. 26. To deaoriba a conio to pass through one given point and 
touch four given straight lines. 

Lemma 23. It on two given lines AX and BY points C and D be 
taken so that the ratio AC : BD ia equal to a given ratio, and if CD 
be divided in Kia a given ratio, then the loons of K ia a straight line. 

Lemma 24. If two parallel tangenta AF and B'l touch a given 
oonio in A and B, and be out hy another tangent lu F and G, then 
the aemi- diameter parallel to AF and BR is the mean pioportional 
between jlPand BG 

Lemma 25, If a conio be ineoiibed in a patallelngram lELM 
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and touch LM in A, and if a tangent to the oonio out IK in Q, 
KL in H, hU in F, and JMI in S ; then will 3fE : MI = B^ : KQ, and 

Pi-op. 27. To dsficribB a oonio to touch fire given straight lines. 

SchoUv.m. On the determinatiou of the centre, aaymptotes, cues, 
and foci of conies j and on Jemmas (other than those given aboyo) bj 
which conies might be described to satiaiy given conditions, 

Lerama 26. To place a given triangle so that its three vertices maj 
lie ou three given non-parallel lines, 

Proy. 28. To place a given conic so that given parts may be cut off 
by three given non-parallel lines. 

Lemma, 27. To place a trapeainm similar to a given trapeBium so 
that its four vertices may lie ou four giireu ncn-parallel and non- 
concurrent liuea. 

Prop. 29. To place a conic similar to a, given conic so that parts 
given in order, kind, and proportion may be out oil by four given non- 
parallel and uou-oonourrent lines. 

SchoJiilin. On an alternative conetruction for the prohlem in 
prop. 29, 

Section VI. — On the Aeterminaiioii of ike nioHon. in giiien coiUcs. 

Prop. 30. A body moves in a given parabola under a centripetal 
force to the focne ; to lind its position at any assigned time. 

Lemma 28. There is no oval such that the area cut off from it by 
arbitrary lines can he aspressed by a relation involving only finite terms 
and dimensions. 

This is not correct, for it has been pointed out that the exact 
qnadcature of ovals of the form y™= (3n)'"'a!™l™-')(a'i' — ,t;="), where m 
and n are positive integers, is possible. 

Prop. 31. A body moves in a given ellipse under a centripetal force 
to afoons; to find its position at any assigned time. (Kepler's Proilem.) 

Scholhim. On approximate solutions of the problem considered in 
prop. 31, and of the analogous problem for motion in a hyperbola. 

Seotidn 711. — On motion in a straighi line under a centripetal force fa 
a point in the line. 

Pra-g. 32. To find the space described in a given time by a body 
falling noder such a force varying inversely as the square of the 
dietaiiDe, 

Pi-Djjs. 33, 31. To find the velocity at auy assigned place of a body- 
falling under such a force varying inversely as the square of the 
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Pcops. 32, 33, 31 are solved by considering the motion of a particle 
in ft related oonio. 

Friyp. 35. On the aieaa swept out bj tie vector iii the related 

Pi-op. 36. To find the tiiaa of descent to the centre of force by a 
body falling nnder snoh a force varying inveraely aa the square of the 
diataiioe. 

Prop. 37. To find the time to the centre of force by a bofly 
projected from a given point with a given velocity under such a 
force varying inversely as the square of the distance. This is equi- 
valent to a geometrical determination of the value of the integral of 

Prop. 38. To fiad the relations between the time, velocity, and 
Bpace described by a body falling from a given point under such a force 
varying directly aa the distance. 

Prop. 39. To find the velocity at any given point and the time 
required to reach that point by a body moving in a straight line under 
any centripetal force to a point in the line ; the qaadrature of certain 
anbridiarj curvilinear figures used in the conBtruotion being assumed. 

Section Vlll. — On the determination of the orTyits in which bodies move 
when acted on by given centripeto,l forces. 

Prop. 40. Comparison of the velocity of a body in such an orbit 
with the velocity of a body having a oorresponding rectilinoar motion. 

Prop. 41. On the determination of the orbit in which a body moves 
when acted on by a given centripetal force, also of the position of the 
body at any assigned time : the quadrature of curvilinear figures being 
OBsumed to be possible. 

Prop. 43. A body is projected under a givon oontripetal force in a 
given direction with a given velocity ; to determine the motion. 

Note. Newton adds that ia the above propositions although the law 
of centripetal force is arbitrary, yet it is assumed that at equal distances 
from the centre it is everywhere the same. 

[The application of the Newtonian methods given in the above 
Section IB involved and inconvenient aa compared with the analytical 
methods DOW current.] 

Section IX. — On the motion of bodies in. orbits vihich revolve round the 

centre offeree, and on the motion of the apses. 

Prop. 43. To find the force under which a body will move equi- 

areally in an orbit revolving about the centre of force in the same 

manner as another body in the same orbit at rest. 
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Prop. 44. Ths diKerence o£ the forces Qndec whioli two bodies move 
equally, one in a qiiiascsnt orliit, the other in the aarao ocbifc ravolvicg, 
TMiea invBrsely as the triplicate ratio of their common distanoea. 

Pro^. 45. To find the motion of the apses in orbits which are nearly 
cironlav. Ths result is illuatrated by examples when the law of force is 
(i) li, (ii) ^r"-3, (iii) nr^-3 -f vr"'^ ; and by two corollaries on the deter- 
mination of the law of centripetal force from the motion of the apses, 
aud on how ths motion of the apses is affectod by the aiidition to the 
centripetal foroe of an extraneona force. 

The second corollary is illustrated by showing that if this estraueoua 
addition be l/357'45th part of the foroe under which the body would 
revolve in the ellipse, then in each revolution the apse line wonld pro- 
grede 1" 31' 14", a number which in the second edition was corrected to 
1° 31' 28". It seems clear from the Portsmouth papers that this was 
given merely aa an illuatration of the method, bnt in the third edition 
the words "Apsis lunao est dupio velooior ciroiter " were added. It may 
be that this remark was inserted in order to show that the corollary was 
not applicable to the case of the moon — ^in fact only one part of the sun's 
disturbing force ia here treated — but a reader might also think that the 
remark was intended to point out a diaorepancy between the theory and 
observations. As Newton had explained the similar difficulty in the case 
of the node, some writers suspected (es), jr. Godfray, in his Lunar Theory, 
second edition, 1859, art. 68) that the scholium in the first edition to 
book iii. prop. 85 meant that he had found the explanation : but nowhere 
tQ the Prindpia does Newton explicitly give this explanation, though in 
book iii. prop. 25 he estimates that the tctal disturbing force of the sun 
on the moon bears to the earth's Centripetal foroe the ratio 1 to 1781?, 
which would make the annual progression of the apse line about what it 
actually ia. The remark at the end of book i. prop, 45 was, however, 
read by many as indicative of a variance between observation and the 
Newtonian theory, and the esplanation of a difference which had become 
an obstacle to the universal acceptance of the Newtonian syatem was 
first given by Clairaut. The Portsmouth papers contain Newton's 
original work, and show that he had found, by carrying the approxima- 
tion to a sufficiently high order, that the mean annual motion of the 
apse line was 38" 51' 51", which is within 2° of the true value (see 
below, p. 109 ; also the Portsmouth Collection, Oatahgiie, pp. si-siii, 
xxvi-ssx, and Section I. division ix. numbers 7, 12). 
SacTioN S. — Oft the motion ij 'bodies oil, smooth planes icMch do not 
coiitain the centro of force, and on the raoKoti of pendulums. 
Prop. 40. To determine the motion of a body moving on a giron 
plane, under a given centripetal force, when projected in any direction 
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on tie plane and with any velocity : the quaSiaturB of curvilinear 
figures being assumed to be poagible. 

Prop. 47. All bodies moving in any plane, -aniier a centripetal force 
whiot varies clireetlj aa the distance, describe ellipses in equal 
periodic times ; and rectilinear motion may ba treated as a particular 
case of elliptic motion. 

Scholium. On motion on curved surfaces. 

Prop. 48. Oa the rectification of tie epicycloid. 

Prop. 49. Oq the reotifioation of the hypooycloid. 

Pr(>p. 50. To make a pendnlnm whose bob shall oscillate in a given 
hypccyoloid. This is effected by cycloidal checks. 

Prop. 51. If the hob of a penduiiim oscillate in a hypooycloid, 
under a centripetal force to the centre of the fised circle and which 
varies directly aa the distance from that centre, all OBoiUations are 

Pj'oj). 52. To find the veloeitiy o! the bcb of tuch a hypooycloidal 
pendulum at any aasigned place, and the time r coui led 10 describing 
any given arc. The second part of this proposition was lewrittenin 
the second edition. 

Cot. 1. The above propositions may be n^ed to compate the timea 
of all oscillating, falling, and revolviag bodies 

Cor. 2. The above propositions are directly applicable to the 
motion of penduinma in mines. Also the lesulta previously enunciated 
by Wren and Hnygens concerning motion in a cycloid can be deduced 
aa particular cases ef these propositions 

Prop. 53. To find the law of focoo Bcder which a body osoiUiting in 
a given curve may oscillate isoohronously : the quadrature of ourvi- 
linew figures being assumed to be possible. With applications to the 
common (circular) pendulum and clocks. 

Pj'op. 54, To find the time in which a body describes any are of a 
given carve under a given force to a centre in the piano of the ourve : 
the quadrature of curvilinear figures being assumed to be possible. 

Prop. 55. If a body T move on a surface of revolution whoso nsis 
passes through the centre of force, and if P be the projection of T on 
a plane perpendicular to the asis and cutting it in 0, then the area 
described by OP will be proportional to the time. 

Prop. 56. A body is projected with a given velocity in a given 
direction along a given surface ot revolution under a given centripetal 
force to a given centre on the flsis of the surface ; to find the orbit ; 
the quadrature of curvilinear figures being aaaumed to be possible. 

[In several of the above propositions Newton has given general Eola- 
tions on the assumption that certain quadratures can be oEfectud, i.e. 
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that oevtaiu fimotioaa can bo integrated. It wonld leem fiom his Sraft 
ia the Portsmoutli papers' tliat te intended to maeit at the end of this 
section a clasBiaoation of algebcMoal curves whose qnadiat ire could be 
effeoted—" tandem ut compleatiir solatia Bupeciorum problamatum 
"adjicienda eat quadcainra ffiguram toties assumpta Doubtless this 
is the rule to which he alluded in hie letter to Collins of Nov. 8, 167S 
{Macclesfield Correspondence, Qumbar cclssii vol u pp 403-405), and 
whieli (as faj as I know) has not been bitberto published. 

Curves defined by a binomial equation x — "Lv are obviously capable 
of quadrature. In the draft be Hest discnsses ourvea dofiaed by a 
trinomial equation of the form 

diJa + ev&wf + /uE = 0, 
where x and v are current co-ordinates, d,, e, f are given conBtants, aad 
a, J3, e, f ace any numerical indices ; and says that in three cases the 
area is a multiple of the corresponding area of another carve which he 
constructs. These theorems appear to be of less practical use than 
Newton supposed. Ee failed in his attempt to extend the method so as 
to find what curves defined by the quadrinomial equation 

dv + eti^iC! + /uiiti + gxi = 
ace capable of esact quadrature.^ 
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centra o£ gravity and aboat each othei . 

Prop. 58. If two attracting hodiaa revolve about their centre of 
gravity, then nudar the same forces a similar and equal orbit might be 
described about one of the bodies if it were fised. Hence (cors. 1, 3, 8) 
the results of hook i. props. 1, 10, 11, 12, 13 are applicable to such 
motions. 

Fro'p. S9. If two bodies, of masses 3 and P, revolve round their 
centra of gravity C in the periodic time T, aud if P would deaocibe a 

* Section I. division v. number 5. 
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mmflar and equal orbit aboab S, Eapposed fixed, m bo per sic time t 
thettT:*-VS: -/(S+P). 

^rop. 60. If S and P attract eaoli other mith foices mveiBely pio 
portiooal to the square o£ their distauoe, thea the ratio o! the major 
axis of the ellipse desaribed by F about S to the mijoi ax s of the 
ellipse which, would be described in tie same pe lod i, time by > about 
Swhenfiied.iaeqnal to the ratio S+P: {s(-5 + P) j 

Pro^. 61. Two bodies acted on by their mntual attraotiona will 
move aa it attracted aooordiug to the same law of foroe by a eertarn 
laody placed at thair centre of gravity. 

Prop. 62, To determine the motioaa of two bodies whii,h attract 
each other with forces inrersely proportional to tbs sj^ua e of the 
distance between them, and which are let fall from giron pKcea 

Prop. 63. To determiae the motiona of two bol ea il ch attract 
each otbor with forces imrersely proportional to the a |mra of the 
distance between them, and which are projected from given places in 
given directions with given yelooitiea. 

Prop. 61. To find the relative motions of a system of bil e^ wh oh 
mntually attract each other with forces which virj directly as the 

Prop. 65. Bodies whoso attractive forces vary invetsely aa the 
sqiiare of the distance may more relatirely to one anothei approsi 
jnately in ellipses, and the radii drawn to tho foci may dcaeriba areas 
approsimately proportional to the times of description. To this pro 
position were added three corollaries on pertnrbed orbits ind distuibmg 
forces. 

Prop. ee. If three bodies, T, 8, P, attract each othet with forces 
wiioh vary inversely aa the square of the distances ; and if round the 
greatest of them, T, the two others, P and S, revolve, and of the latter 
the hodj P describes the interior orbit ; then the areas described by P 
ronnd T will be more nearly proportional to tho times of description, 
and the ovMt of P about T will approximate more nearly to an ellipse 
with Tas focus than would be the case if T were not attracted by S 
and P but remaiaed at rest, or if T were attracted (or moved) very 
mnch more or very much lesa. 

This ia proved for two casea according as to whether the orbits are 
in the same or different planes. 

To this propofiition were appended twenty-two ooroUariea in which 
it ia applied to esplain the chief effects of the disturbing action of a, 
body like the aun on the motion of a body like the moon, and in par- 
ticular to tho motion in longitude, the motion in latitude, the annnal 
equation, the motion of the apse line, the motion of the nodes, the 
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evecf on iLo cliange of dcI nit n of the 1 mar orbit, aad the pre. 
ce a on of (he equ noies tha \ opos t on s also applied to the theorj 
of that lea and to tVe date m nat on of he ntarior const itntiou of the 
eaith as deduced fiom the motion oE its nodes. 

The general pvohlem of the motion o! three bodies under their 
mntuftl attraction still remains unaolyed, and that Newton shonld ha^e 
been able, with the limited aoalyais at his command, to work it out ao 
far in the case of the moon, ia worthy of special notice, 

I'rnp. 67. Under the same bypotheaea aa in prop. 66, and if bo 
the centre of gravity of P aad T, then the areas fleaoribed by 8 round 
O will be more nearly proportional to the times of description than the 
areas described by 8 round T, and the oibit of P will approximate more 
nearly to an ellipse with as focus than to an ellipse with T as foous. 

Prop. 68. Under the Same hypotheses, the areas described by S 
ronnd will be more nearly proportiona,! to the timea of description , 
and the orbit of S about O will approiimate more nearly to an ellipao 
with O as foons than would be the ease if T were not attracted by S 
and P bnt remained at rest, or if T ware attracted (or moved) very 
mueh more or vary much less. 

Prop. 69. The absolute force of any one of a system of attracting 
bodies ia, under the usual hypotheses, proportional to the mass of the 

SchoUnm. The above propositions naturally lend to the considera- 
tion as to how the attraction of a bo3y depends on its form ; this is to 
be determined by summing the attractions of all its component par- 
ticles and to effect this it is not necessary to propound i theory as to 



g re d d these 

forces be of equal absolute magnitude, then the lesultant on a partioie 
inside tlia surface ia nothing, that is, a particle placed anywhere inside 
a homogeneous spherical shell is in equilibrium. 
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JVop. 71. Uader the same hypotheses a particle outsifle the sbell 
is attracted to the centre of the shell nitb a force inversely 
proportional to the square of the distaace troni that centre. 

Prop. 73. If to every point of a solid sphere centre S, radius r, and 
of given density, there tend a force varying inveraely as the square of 
the disliance, and if all these forces be of equal absolnte magnitude, and 
if the distance of a partiole P from S be a givea multiple of r, then 
the attraction of the sphere on P ia proportional to r. 

Prop. 73. If to every point of a solid sphere centre B there tend 
a force varying inversely as the square of the distance, and if all 
these forces be of equal absolnte magnitnae, then the attraction of the 
sphere, on a partiole P iuaide it, is proportional to SP. 

Scholimn. On the physical meaning to be attached to the points 
of which lines, surfaces, and solids are said to be composed. 

Prop. 74. Under the same hypotheses the attraction of the sphere, 
on a particle P outside it, ia inversely preportional to Si". 

Proy. 75. Under the same hypotheses the attraction of the sphere, 
centre S, on another similar sphere, centre P, is inversely proportional 
toSP". 

Prop. 76, If to every point of a sphere, centre S, there tend a force 
varying inversely as the square of the distance, and if the absolute 
magnitude of the force at any point A and the density at A be 
functions only of SA, then the attraction of the sphere on ajiothar such 
sphere, centre P, is inversely proportional to SP'. 

To this proposition were appended nine corollaries on the motion of 
such spheres about one another in conios. 

Pi-op. 77. If to all the points of [homogeneous] spheres there tend 
forces directly proportional to the distances, then two spheres, centres 
S and P, attract each other with a force proportional to SP, 

Prop. 78. The result of prop. 77 is true if the spheres be dissimilar 
and heterogeneous, provided the density at any point of a sphere is a 
function only of its distance from the centre of that sphere. 

Schdium The above propositions cover the two moat important 
cases fttt thas blld from the general 

methol ilai d th f 11 w g p i t [I is arguable that 

the Hew man mthdh dtd tl p werful than direct 

analytotl mthl Bghm lEthn the Princi^ia, 

pp. 140 145 ] 

Le 29 If tw p t d P b t L d if about 9 there 

be described any cncle [whose radius i^ less than j-P], and about P 
there be also described two circles very close to one another, cutting 
the circle about S in E and e {situated on the same side of SP), and cut- 
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ting the line PS in F aud /; and there be let fall to P5 the psrpendioulara 
ED, ed; then, in the limit when e coincides with E, snAf with F, the 
ultimate ratio of I)i to Ff ia equal to the ratio of FF to FS. 

Prop. 79- Determination of the attraction of the eegmcnt of an in- 
Snitely thin homogeneous Bpherica.1 shell on a particle at its centre 
under any law of force. 

Prop. 80. Delecrai cation of the attraotion of a solid homogeneoua 
sphere on an esternal particle nuder any law of force. The result is 
given as a, mtdtiple of a certain area. 

B hypofcheaea, to find this area. 

It f "0 81 t ■! li 

() ( ) 



P-op. 81, 


Under thf 


Newton f 






the force ia , 






Prn^. 82. 






sphere on i 






attraction oi 






Pnp- 83. 






attracts a j 






varying iayi 






Prop. 84, 






attracts a pt 






force yaryin 






Schomm 






attention. 







Sectio 



bo 






than the ii 






Prop. 85. -ac 

greater than 
body by a sm 

the attracting body decrease ii 
of the distance. 

Prop. 86. If the attractive forcea of the partiolea of a bo3y vary as 
the inf erae cube of the diatanoe (or in a higher ratio), then the attrac- 
tion, of the body on a oontiguoaa body at the point of contact is much 
greater than it would be if the attracting and attracted bodiea be 
separated from each other, though by ever so small an interval. 

Prop. 87. If two similar bodies of the same material attract 
separately two particles whose masses are proportional to thoae bodies, 
and whioii are similarly situated to them, then the attractions of the 
particles on ths bodies will be proportional to the attraotiona of the 
particles towards particles of the bodies whose masses are proportional 
to the bodies and which are similarly situated in them. 

Prop. 88. If the particles of any body, whose centre of gravity is 0, 



y Google 



92 ANALYSIS OF THE rRINCIPIA. 

attrflot with focoea direoHy proportional to tte diaiaooB, then the 
attraction of the body on any partiola Z will tend to 6, and will be the 
same o.s that of a spUore of eque.! and similar matter whoae centra 
isG. 

Pfop. 89. The result of prop. 88 is true also for a sjatsm of bodies. 

Prop. 90. To find the attraction of a uniform circular lamina oh a 
particle placed on its asis, under any lavf of attraction. This is applied 
in cor. 1 to the case when the law is /i/i-', in oor. 2 to the case when the 
law is /ilr^, and in oor. 3 to the ease of an infinite plate when the law 
is fi/!-= and ?!.> 1. 

Ptoji. 91. To find the attraction of a solid of revolution on a 
particle placed on its asis, under any law of attraction. This is applied 
in cor. 1 to a cjlinder when the law of force ia fi/r^, in cor. 2 to a 
spheroid on an oitecnal asial particle, and in oor. 3 to a spheroid on an 
internal axial particle. 

Prop. 92. To find by esperimont the law of attraction of the 
particles of a given body. 

Pivp. 93. IE an infinite homogeneona solid terminated on one side 
by a plane be composed of particles which attract with a force which 
varies inversely as the tt"* power of the distance, where n is greater 
than 2, then the attraction of the solid on a particle is inversely pro- 
portional to j""S whore y is the diataace of the particle from the plane. 

Scholium. On the determination of the orbit described by a body 
attracted perpendicularly towards a given plane according to a given 
law! S"^ conversely on the determination of the law of force under 
which a body will describe a given orbit. 

Newton adds that if the equation of the [plane] orbit {referred to 
a line on the plane aa axis of a; and a line inclined to Ox at a fised angle 
aa axis of y] be given in such a form that the ordinate can be expanded 
in a conveigent scries, then the general methol fo find'ug the law of 
force parallel to the ordinates under which a body w 11 leso be the 
curve may be replaced by a simple rnle wh oh v II be auftio ently 
. illustrated by the case of the curve cy = / The o I nate at a 
point whose absoiaga is k + o, where o is very sm II s latere ned 1 y 
the equation 



^*:g-') 



and the force required will be proportional to the coefficient of the term 
on the right-hand side involving o'. For esarople, in the parabola 
cy = a?, we have ™ = 2, » = 1, and the foros is constant ; in the 
hyperbola a!!/ = d? we have ok - - 1, » =^ l,and the force ia proportional 

to sr^ that is to i;' [in fact, generally, if the curve be y = /{.i;), the force 



y Google 



CONTENTS OF BOOK I 



varies aa y"']- But, aaya he, leaviDg propositions of this kinfl, I shall 
proceed to sojne otliBrs conoeming a kind of motion wiiich I have not 
yet disoiissBa. 

SacilON XIV.— On the motion of minate corpitsclea jnhen acted on 

iy oBnffipetai /tn-ces lending to the several parts a/ any large body. 

Prop. Si. If two similar mediums be separated by a space contained 
between parallel planes, and a body in its paisage through that space 
be attracted towards either of these boundiag planes with a force 
depending ocly on the diataace from the plane, and be not acted on 
by any other force ; then the aiae of the angle (i^) of incidence upon 
the first plane will be to the sine of the angle (i^') of emergonoa from 
the second plane in a given ratio. 

Prop. 95. Under the same hypotheses the ralooity of the oorpascle 
before incidence is to thp velocity after emergence as siniji' to sini^ 

P p 96 TJ d th m hyp th d nii g th fc th 

1 ty b f re a t than ft d th f h gl 

t I I I t lly th p 1 w 11 I t 1 

fi t d d th gl t fl w 11 b q 1 t th gl f 

d 

& M th ppl t f th 1 p P t t th 

th y f 1 ht th ii t 1 ty fight 1 dffi-aot ph 
m S tl I gy betw th p p t f th 

ay f 1 ght d th jn t fid N wt dd t p p t 
wh h ar ppl bl t pt d t hi h g wh h t on 

neoessaiy to consider the nature of the rays of light or whether the 
oorpnsoular theory ia true. 

Prop. y7. A system of rays diverge from a given point ; to fi.nd an 
(aplanatio) anrface which will refract them to a given point. 

Prop. 98. A system of rays diverge from a given point, and are re- 
fracted at a snrtaco of revolntion about an axis through the point ; to 
find an (aplanatic) surface which will refract them to a given point on 
the asis, i.e. to oonstmct an aplanatic lens. 

SchoUum, The above methods are applic 11 wh th 
refracted at more surfaces. In constructiag pt 1 t m t t is 
preferable to nse only lenses whose surfaces ph 1 t ly 

booauHB they caji be made more readily and aoc t 1 1 t 1 b 
rays incident obliquely would be refracted to p m t 1 

than by spheroidal lenses. It is chromatism, h w th t th 1 

obataole to perfecting practical optios, and n 1 th th 

arising can be corrected, " labor omnis in caete d mp 

" coliocabitur." 
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Book II. Ox the Motion op Bodies is Kesihting Mediums, 

The secoad book ia devoted to the discussion of the motion 
of bodies in resisting mediums. It is divided into nine sections 
as follows ; 

Skotiok I.— Oil the molion of bodies in a median tvhose resistanae varies 
directly aa tlw velonty. 

Prop, 1. It a liody be resisted in the ratio of its velocity the 
momBntum lost by the reaietanoo ia proportional to the apace trarersed. 

Lemma 1. Quantities proportiocal to their difterenoea are oon- 
tinually proportional. That is, ii a : o — I) = 1j: b — D = c: c~d, etc., then 
i!;Ij = B;c = c;d, etc. i sec lemma 2 of the tract Ds Matv, quoted above 
(p. 36). 

Prop. 2. If a body move nnder the action of no eiiernal force in a 
homogeneons medium whoso resiatajice varies as the velocity, and the 
time ot motion be divided into a nmnter of equal iutervala, tlien the 
velocities at the hegiunings of thoae intervals are in a geometrical 
progression, and the spaces daaccibed in each of thoae intervals are aa 
thoae velocities. 

Prop, 3. A body moves in a straight line under gravity (supposed 
uniform) in a homogeneous medium whose resistauoe varies as the 
velooity ; to find the motion. 

B-op. 4. A body ia projected nnder gravity (supposed uniform and 
constant in direction) in a homogeneous medium whose resistance 
varies as the volooity ; to End the motion. 

The firat and second of the seven corollaries attached to this pro- 
position were added in the second edition. 

Scholi'om. The above law of reaistance ia to be regarded as a 
mathematical hypothesis rather than a physical one. In medinma void 
of tenacity the resistance varies aa the square of the velocity, and to 
the consideration of motion under that law the aest section is devoted. 

Sbctiok II. — On the moUon of iodiea va a mediuira whose resista/nce 
varies as the square of the velocity. 
Prop. 5. If a body move nndor the action of no external force in 
a homogeneous medium whose resiatanca variea aa the sqnare of the 
velocity, and if the time of motion [reokoned from a certain era] be 
divided into a number of iatervals in a geometrical progression whose 
ratio is greater than unity, then the velocities at the begicniugs of those 
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intervals ate as the 
geometrical progress 

Pi-op. 6. Homogeneous and equal spheres moving under no external 
force in a medium whose rasistanoe varies aa Ihe square of the velooitj 
■mill, ill times which are reoiprooally as their velocities at the beginnings 
of those times, describe equal spaces aud lose parts oE their velocities 
proportional to the wholes. 

Prop. 7. Under the same hypotheses any homogeneous spheres 
will, in timea which are directly as their momenta and inversely as the 
squares of their velooitiea at the beginnings of those timea, deaciibe 
spaces proportional to those times and the velocities at the begiuninge 
of those times conjointly, and lose parts of their momenta proportional 
to the wholes. 

ieninitt ^ On the rule for forming the flusions (or moments) of 
pdtqtt dpo f mpl Ik 1 1 q ant ties. 

SITwi Thimm hhm adll 

Ithfiit 1 th hlmw tthfllwig effect : In 

m 1 t wh hpdbt bl tt most akil- 

f 1 g m t & L b t d my It I f m d Mm that I 

p seil m h d £ find g m xim dm m f d awing tan- 

t dfpfmg 1 p'at whhwa pplioable to 

b th t Id t lit d I 1 d th method in 

t p d 1 tt 1 g th t [D 1 aeq t iuotcunque 

fl t q 1 1 te 1 t fl t rsa] : that 

Uluat m pl d th t 1 1 h d I ght d m hod of the 

mkd dh mm tdhmthdhhhdly diliered 
fmmywn it hi g dt (dtho idea of 

th -at f 1 t ) Th f a tip pl of both is 

contained in this lemma. 

Leibnitsi appealed to this as evidence of hia Icventioa of the caloulns 
independently of Newton, but Newton asserted that it was not written 
in that sense, and was merely a statement of an historical fact. 

In the aeooud edition the scholium remained unaltered, save that in 
the last line but one the words in brackets ( ) were inserted. 

In the third edition this scholium was replaced by another to the 
following effect ; In a certain letter of mine to Mr. J. Collins, dated 
December 10, 1673, having described a method of tangents which I sns. 
peoted to be the same aa that of SIubilis, at that time not yet pablisbed, 
I added these words : " Hoa est unwn particidare vel corolUmam potius 
*' inethodi generalis, quae eistendit se citTd ^nolestum ullitm calcvlwm, non 
" modo ad dKcendum tan^entes ad quams citrvas sive geometrical sine 
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" mecJifwvicns vel quamadocKnque rectus Imeas aliaave cuTvas re^cienies, 
"iierwni stiam ad resoVoend^m alia abatntiiwa pnblematwn genera de 
" cwvitatibus, areis, longitfidinihuB, eentris t/'^amtaUs cumo/ntm, ^e, 
" negue {quemadmod-um Hnddenii metliodMS de mas^imis et minimis) ad 
"solas restrmgibw asquafiones illas quae qvaatitatibnt swdis sunt iiii. 
" mimes. Ha/ne m^thodum inierieiew aUeri iati qua aequaUonum ej^egesin 
" inBtituo redacendo eaa ad aeries infinitas." Thus far that letter. Aad 
tkese last worda relate to a tract wbich I ha^t written on tbeae matters 
io. the year 1671. The fundamental principle of that general metiod ia 
contained in the preceding lomma. 

Pmy.a. If a body move in a straight lice under the action of gravity 
(finpposed nniforin) in a homogeueoug medium, and the space deaciibed 
be diyided into equal parts, then the resultants of gravity and the 
Tesistanoes at the begianiaga of those spaces are in a gaometrioul 
progreasioa. 

Prop. 9. Under the hypotheses of prop. 9, to find htm fa t 
to the highest point and the time of descent to an;^ p nt 

Prop. 10. To find the density of a medium whicli hall L b dy 
move in a given curve, it being supposed that grant E mad 

constant In direction, and that the resistance ot \x d m a 
jointly as its density and the square of the velocity al t Ji d th 
valooity of the body at any point. 

Several necessary oorreotions were introduced in th d m t at n 
giren in the second edition (see possim the Cotes Corr p nd n It 
liriii, Isiivii.) The problem is solved by the use of fl u (m t) 
is illustrated by applying the resnlta to the cases f ( ) a ir le, 

(ii) a parabola, (ni) a hyperbola (iv) the curve y" — a '+' , and the 
resnlts vreie extended by a scholium to the oase wheie the lesistance 
varies as the n" power of the velocity with numerous illustrations 
but Nemton failed to tnil a curve which made the density constant 

SacTioN in. — On the motion of iodies m a medium ioftose resialoncc 
consists oj twi terms, one vaiymi as the xelouty ana tlie ther as 
i!ie squaie J the velocity 

Prop. II. If a body more in such a medium under no estemal 
focoes, and a teiies of times be taJven in arithmetical progression, then 
the sums of a constant and quantities inversely proportional to the 
velocities at the beginnings ot these times are in geometrical 
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constant and quantities proportional to the velocitiea at tlie beginnioga 
of those spaces ace in geometrical progression. 

Frop, 13. A body moves in a atraight line nnder gravity (aappoeeil 
uniform) in sncli a medium. ; if the Telocity be represented graphically 
by a line in a certain way, then the time of motio b p ted 

graphically by an area ; and conversely. 

A ahort Bobolium on this was added in tho third d t 

Prop. 14, Under the Same hypotheaes, and if th It t f the 

resistance and gravity be tal en in geomotiical p g th the 

epace deecribea in a eertiin time can be lepies t 1 g ph llj by 
the difference between two ireae 

Scholium, On the rosiatanoe of fluidi as oa d ( tly hj the 
tenacity, partly by the attntioD, and paitly hy th d t E fl Is j 
and on the extension of the foiegoing piopoBitio Th w dded 
in the third edition. 

Section IV. — -On. the spiral moUoii of iodies iti a rssisUng mediam. 
L 3 th d' f ur t y po^ t f q ' 

t e m d m 1 t 1 

fwhh 1 hj fhdst fth 

1 ty f th m 1 m (t wl h th th g b g i I th 

ista 1 1 t n ly th d a f th 

t f f th b ly 1 q 1 p 1 Th 

argument was somewhat altered m the second edition. 

To this were appended nine corollaries on motion in such an orbit, 
and when such motion is possible. 

Prop. 16. The reeult of prop. IS is true also when the central 
force varies inversely as the n"' power of the distance. 

Scholium. Oq motion in mediums such as those diacnsaed in props. 
16, 16. 

Prop. 17. To find the central force and the resistance of a medium 
in order that a body may move in a given spiral, the law of velocity 
being given. 

Prop. 18. To find the density of a medium in order that a body 
may move in a given spiral, the law of force being given. 

Section Y. — On the density <md presswe of fluids, amd on Hydrostatics. 

Definition. A-fiidd is a body whose parts yield to any force acting 
ou it, and in yielding are easily moved among themselves. 
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Prop, 19. Thp, pressure a-t every point of a homogeneouG fluid at 
rest, contained in a vessel at rest, ia the aamo and is equal in all direc- 
tions — the conaidertttion of condensation, gravity, and contripelal 
foreeB being negleoted — and the parts of the Said remain at rest nu- 
moved by siieli pressure. 

Prop. 20. Tn find tte pressure on the surface of a apiece covered 
by a mass of fluid which gravitates to the centre of the sphere, the strata 
of equal dcnaity heing ooncentrio spheres; with corollaries on the theory 
of floating hodies. 

Prop. 21. An elastic fluid in whiot the density is proportional to 
the presfnce is attraolcd by a central force which varies inversely as 
the distance J if a series of distances from the centre be taken in geo- 
metrical progression, then the densities at those diatances will be also in 
geometrical progression. 

Prop. 22. An elastic fluid in which the density Is proportional to 
the pressure is attracted by a central force which varies inversely as 
the square of the distance ; if a aeries of distances from the centre be 
taken in liarmonlcal proportion, then the densities at those distances 
will be in geometrical progression. 

Scholium. On the theorems analogous to props, 31 and 23 under 
other laws of centripetal force or other laws connecting the density 
and pressure, Nowtoo, however, aays that to discuss all these cases 
would be tedious and t w Id h b t f I ttl since (he adds .□ the 

thud edition) e^perim t h w th t fh d ty of our atmoapheie 
is either aecujately t 1 t t m ly 1 , proportional to the 

piessure 

Piop 23 A fl ud mp d f p t 1 which aia mutually 

repolsive if the den t b p p t 1 t th pceisure, the force of 
repulsioB must vary i ly th 1 t d nee voreS. 

Scholium. If the f E P 1 y rsely aa the n* power 

of the distance, the p w 11 y aa th (ar + a)"' power of the 

density! an^ vice versa B t m h b p poaitions it must be 
assumed that the repulsion does not extend rade&nitely. Also it must 
be remembered that whether elaetio fluida do consist of mutually repal- 
give particles is a physical question on wbiob no opinion is expressed. 

Section VI. — 0) (7a nottan, J endal cms i i resisting mediums. 

Prop. 24. The masses of pendulums such that the distances be. 
tween their centres of oscillation ind of suspension are constant, vary 
jointly as the weighfi ind the s|iiies cf the times of oscillation in 
vacuo. And (cor. 5) ucivetsally the mias of a ppudulum varies directly 
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as the weight and the square of the time of oscillation and inverself be 
the length. 

Pi-op. 25. Tho bob of a oyoloidal penddnm, moving under gravity 
in a cycloid whoae aiia is vevtical, and in a medium, whose resistance is 
oonstanfi, will perform 'U osc'llafona 'q the same t'me aa 't would in a 
non-rBsisting med un of the same dens ty aul ] o[ ort onal parts f 
the arcs are desoi bed s muitaneoualy 

Prop. 2S. Cyol lal penl Inns mov nf, nndar grav ty in oyoloida 
whose aiea are vett eil and in a medinm. whoso resistance la pro 
portional to the veloc ty ate bo hrouous 

Prop. 27. The i fta ence between the t me of osi. lat on of i peadu 
Inm moving in a medium whose resistanos is proportional to tbe square 
of the velocity, and the time ot oscillation of a similar pendulum moving 
in a non-resisting medium of the same density is approiimatelj propor- 
tional to the arc deaoribeS. 

Projj. 28, If y 1 d 1 p d 1 m f 1 (h L m ' m li m 
whose resistance t t tb th -at f th t t gi ty 

is equa,l to the i t £ th £ th h 1 d bed th 

deaoeut of the p d 1 m b th hi d 11 h b 

sequent ascent to L 

Prop. 29. A y 1 a 1 p d I m Hi I g ty 

oyoloid whose as Id d wh ta 

BB the square of the velocity ■ to hnd the resistance at each pomt ; and 
therefore (cor. 3), the veloc ty t h p t 

Prop. 30. On oonstrai d m t ycloid under any law of 

resistance ; from which the ult i i p 2b is deduced, also approxi- 
mate solutions of prop. 29, d f th ponding piopooitun when 
the resistance varies as the 1 y Th p f was somewl at simplified 
in the second edition. 

Prop. 31. Apeuduli-Di oscillates in a leB stmg med um If the resis- 
tance in each of the proportional parts of the are described be altered 
ia any ratio, tben the difierenco between tho aia of descent and the 
arc of subsequent ascent ia altered in the same ratio 

General Scholmm. On Newton's pendulum, experiments In the 
first edition, this was printed at the end of section vu 



SacTiON Til. — On the motion ofjluiiU, and the 

The problems treated io this section are far from easy, and in 
general their treatment here is incomplete, but there is much that ia 
intflreating in studying the way in which Newton attacked queations 
which seemed to be beyond the analysis at his command. 
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Pi'op. 33. If two similar Byatems oE bodies oonBist oE an equal 
jinmber of particles, and if the corresponding particles (each, ic one 
ayatem to each in the other) be similar, proportional, and similarly 
situated among themsolves, and their denaitiea have to each other the 
same given ratio j and if they begin to move among ttomselreB in pro- 
portional times, and with aimilar motions (that is, those in one system 
among one another, and those in the other among one another) ; and if 
the particles that ace in the same system do not touch one another, 
except at the instants oE redesion ; noc attract, nor ropel each other, 
esoept with aooelerations that ace inYsrsely as the diameters of the 
corresponding particles, and directly aa the squares of the velocities ; 
then the partiolea of these systems will continue to move among them- 
selves with like motions and in proportional times. 

Prop. 33, Under the same hypotheses the resistance offered by finite 
pacta of the systems varies at any point as the square oE tho velocity of 
the particles there, as the squaces of their diamotora, and as the density 
oE the part of the system there. 

To which were added corollaries in which the proposition is applied 
to give the law oE resistance to motion in the aic and other flaids. 

[PcopOEitiona 34-40 inclusive, and the corollaries, lemmas, and 
scholiums thereto attached, were rewritten in the second edition, I have 
here followed the order oE the second edition. In the first edition 
prop. 34 is on an extension of the resnlta of props. 33, 33 to cBses where 
the particles of the systems are contiguous but fcictionless ; pcop. SB was 
what is here printed as 34 ; prop. 36 was on the resistance experienced 
by a sphere moving in a rare and elastio fluidj prop. 87 (oE which the 
argument is erconeons) was on the motion of water passing through a 
hole in a vessel ; prop, 88 was on the resistance esperienced by the front 
of a sphere moving in a fluid ; lemma 4 and prop. 39 were on the effect 
of SiOoeleration impcesaedon a vessel containing fluid and floating bodies 
in relative equilibrium ; prop. 40 waa on the resistacce esperienced by a 
sphere moving in a fluid of given density ; with a general scholium the 
sibfitance of which was - subsequently transferred to the end of 
section VI see above, p. 99.] 

Flop 34 A rare medium consists of small quiescent particles of 
equal m'^mtude and freely disposed at equal distances. If a globe and 
a cylinder of equal diameters move in such a medium with equal veloci- 
ties in the direotion oE the asis of the cylinder, than the resistance to 
the motion oE the globe is half that to the motion of the cylinder. 

Bckolium, On aimilar propositions concerning the motion of other 
figures. 

Newton coiamenc3S by determining the conical frustrum of given 
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base and altitude whith will meet with least resistacca when moving 
in the direction of its axis. 

Hest ooQBidec a solid generatod by the revolution of the oval 
ADFB about AB and moviog in the direotion AB. Then he shows 
thatjif at B we drawths tangent HBS, and i£ wo take paints IT and Ooii 



it ao that the tangents GF and HI niajte the anglea FGB and IHB each 
equal to 136", then the solid generated by the revolution of the figure 
ADFGBmi! about ^B will enoonntec less resistance than the original 
solid. 

Also, if N he any point on Iha generating curve, and if NM bo drawn 
perpendicular to AB, and if a line through G parallel to the tangent at 
N out AB produced in R, then the solid described by a curve aucb that 

4.3f"2f-BK'OB= = GU^ 
will encounter leas resistaaoe than any other solid of revolution of the 
same length and breadth. 

[Newton's determination of the solid of least reaietanoe is dednoibla 
from the differential equation of the generating curve, but in the 
Pnneipia ho gave no proof. The problem may be solved by the calculus 
ot variations, but it long remained a pnazle to know how Newton bad 
arrived at the result, A letter contained in the Portamonth Collection* 
has set the matter at rest, and a3 all my readers may not have seen it, 
I reproduce here the part dealing vtith this scholium. It is also inte. 
reaticg aa showing how freely Newton made use of Ansiona in estab- 
lishing reanlts given in the Princijiia. The letter seems to have been 
written to David Gregory shortly after his visit to Cambridge in May, 
1694 (see below, p. 133), and after alluding to that visit and some 
other matters Newton proceada ; 

The figure which feels the least resistance in the Schol, of Prop. 
xxsv. Lib. ii. is demonstrable by these steps. 

* Oatalogue, pp. ssi-xsiii. 
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tlieiri 



m;ai 



of their bases ■ be oIbo given and called s and 

iecenee ^"'"-^^ be oallod t and if the lines h(h ih, MN, 



mo, butt npou the curTe iiJ/jCr in the points n, N, q, and G, and the 
infinitely little linea on and h i be equal to one another and called c, 
and the figure mnNgGB be tnrnad abont its asis BlI to generate a 
solifl, and this solid move naiformly in water from 31 to B according to 
the direction of its axis BM the somm of the resistances of the two 




surfaces generated by the infinitely little lines flfl, Nn shall be least 
whan gG"'! is to iiJTin aa BG x Bh to MNx Mm. 

For the reaistancea of the anrfaces generated by the revolution of 



callaS jj and g, aa — 
P 

the flusion thereof - 


*andi^ 


^and their sumn 


j^ + iEli 
P 9 
^^ _ BO X F 


least when 


BGxp 


_MNx 

aa 


i is nothing 


_^MN.l 


Now p^ 091™^= 


■'= B8 - 2S3! 


+ a!s + ce and therefore 


p=-2ai + 2s,i, and 


by the 




irgnment g 


=2fli + 2ici and therefore 


BGx2si-2s:i_Hlf 


x3si + 3(ui „_ 


PP 


3/jrxe"T7 
29 


an ence 


W 


99 






Pji is to (75 as BG X s 


-a^ toMffxii 


+ is, that is, 


gO'ii to nW 


lasBGxBfc 



oMN>iMm. 

2. If the curve line DnNgG be auoh that the surface of the soliii 
ts revolution feels the least resistance of any solid with 
.e top and bottom BG and CD, then the resistance of the two 
annular surfaces generated by the revolution of the [infinitely 
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little lines nlT] and G^ is lees than it the inteimeiliate solid bgiJM bs 
removed Qaloog OB withoat sltei'ing Mb, nutil hg comes [to BQ"], 
supposing aa before that ou ia ecinal to Ag,] and by oonseqnenoe it ia 
the least that oan be, and therefore jG'J'i is to iiJT'W as BQ x Bt [ia to 
MUx Mm"]. 

[Also if] gh be eqnal to hG so that the angle IgGh ia 45"=5i] then 
will iEiii be [to jilv^i as BQ x B6 is to] MS x Mm, and by oonseqnenea 
4Bl3<5i is to GRi'i as SG'i is to MS x BB or 4B0i x BU is to UJB'"'' [as 
Gffi to Mff]. 

"Whence the proposition to be demonstrated easily follows.] 

Fro^, 35. To find the rasislianoe oE a apbere moving uniformly for- 
ward in a medium such as that deaoribed in prop. 34. If the sphere 
and the particles of the medium be perEeotly elastic, the reaifltance is 
to the force by whicli the motion oonld be destroyed in the time in 
trhioii the sphere describes two-thirds of its diameter as the density of 
the medium to the density of the sphere. Also (cor. 1) if the sphere 
and the particles be perfectly inelastic, the resistance is diminished one- 
half. 

Bcholium, On motion in continuons medinnis auoli as water. 

Prop. 36. On the motion of water running out of a cyliudricai 
vessel through a circular hole in the bottom. 

Lemma 4. The resistance to the motion through a fluid of e. cylinder 
iu the direction of its asis ia independent of ita length. 

Prop. 37. If a cylinder move uniformly in the direction of its length 
through a compressed infinite inelastic fluid, the ratio of the resistanoe 
(dne to its transperae section) to the force by which motion may ba 
destroyed in the time it takes to move four times its length, is approsi- 
mately equal to the ratio of the density of the Quid to the density of 
the cylinder. 

Saholimn. In the above proposition the stream Jinea of the fluid aca 
assumed to be parallel to the asis of the cylinder. This is cot accurately 

Lemmas 5, 6, 7, and Scholium. All smooth conves solids of revo« 
lutioc (such as cylinders, apherea, spheroids) with their asea along the 
asia of a canal containing inelastic fiictionless fluid (such as water) will 
equally hinder and be equally acted on by the Buid flowing tirroagh the 
canal. Conaideration of the oircnmstancca under which this is true. 

Prop, 36, It a sphere move uniformly through a compressed ia- 
flnite inelastic fluid, the ratio of its resialance to the force by which its 
motion may be destroyed in the time it takes to move eight-thirds of 
its diameter is approximately equal to the ratio of the density of the 
fluid to the density of the sphere. 
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Prop. 39. On. the reeietance to the nniform motion of a aphera 
along tiie Bsis of a canal containiiig compressed inelastic fluid. 

SchoUvmt. On a correction which in strictness ought to be applied 
to the rsHult of props. 38 and 39, but which practically may be 
neglected . 

Ft<^. 10. Od the manner of making esperiments on the resistance 
the motion of a sphere in an inelastic perfect flnid. 

Scholium, On the results of Hewton'a experiments on the resistance 
to the motion of spheres in fluids. 

Section VIII.^Oii und^ilatwy motion propagated through afiuid. 

Proji. 41. A pressure is propagated through a fluid in straight linsa 
only if the partjoles of the flnid lie in straight lines. 

Pri>p. 42. Motion propagated from one side of a screen through a 
bole in it dirergea from the direct path into the unmoved fluid on the 
other side of the screen, 

Prop. 43. A body vibrating in an elastic medium propagates waves 
on every side, bnt a body vibrating in an inelastic medium, esoites a 
circular motion. 

Prop. 44, On the time of oscillation of water in two vertical 
pipes connected at their base by a similar horizontal pipe. 

Prop. 45, The Tsloeities o£ waves [in water] is in the subduplicate 
ratio of their breadths. This is rather an instance of Newton's power 
of intuition than a demonstration. 

Prop. 46. On the determination of the velocities of waves [in 
water]. 

Prop. 47, The pariiclee of a fluid through which waves are being 
propagated are accelerated according to the law of the oscillating 
pendulum. This was prop. 48 of the Brat edition. Lagrange showed 
that Newton's result is only an involved statement of a truism. 

Prop. 48, The velocities of waves propagated in an elastic fluid 
(whose pressure is proportional to the density) vary as V'b/^' where e 
is the elastic force and d the density. This was prop. 47 of the first 
edition. 

Prop, 49. On the determination of the velocities of waves in an 
elastic fluid whose elastic force and donsily are knovra. 

Prop. 50, To find the breadth of a wave. 

Seholium. Application of the above propositions to the velooitiefl of 
light and sound. These propositions give for the velocity of sound in 
wr under normal conditions 979 feet a second, whereas Newton says 
that experiments show it to be about 1,142 feet a second; and he 
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snggeata that the aiffionlfy might be overcome if tlie parfcioleB of aar 
were amall rigid Bpherea whose distance apart waa about nina times 
the diameter ot any ouo ot tiem. Tiiia view is untenable for various 
reasona, and the true esplauation of the difBoulty was given first by 
Laplace in 1816 (aee the M^caniqitB CMeste, vol, v. book sii. ohap. 3, 
section 1). A large part ot this scholium was rewritten in the second 
edition. 

Section IX.— On Vortices, or the cu-ailar motion qf fluids. 

Sypofhesis. The raaietanoe of a viscous fluid at any point is, oaateria 
paribus, proportional to the velocity with which conseontive particles 
separate from each other. 

Prop. Bl. If a yortei be created by the revolution of an infinitely 
long cylinder round its axis in such a uniform infinite Quid, the 
periodic timea of particles of the fluid thus set in motion are aa their 
distances from the axis of the cylinder. 

Prop. 52. If avortex be created by the revolution of a sphere about 
a diameter in such a uniform infinite fluid, the periodic times of particles 
of the fluid thus set in motion are as the squares of their distances 
from the centre of the spheiii. 

Scholiv/n. If the above hypothesis be true, the Cartesian theory of 
Tortioes is wrong ; and if (as is probably the case) the resistance be 
less than that there assumed, the divergence of the consequeuoea of 
that theory from the truth ia incrcaeed. 

Prop. 53. Bodies revolving in a re-entrant orbit in a vortes must bo 
ot the same density and move with the same velocity and in the same 
direction as the parts of the vortes there. 

Scholium. The Cartesian theory of vortices ia untenable. 



Book III. On the System op the World. 

The third book is devoted to an explanation of tlie pheno- 
mena of the solar system by means of the results estahlished in 
the first two hooks. It is preceded by a preface, the rules of 
reasoning in philosophy, and a iiat of data obtained by astro- 
nomical observations, etc. 



In the preceding books, says Kawtou, I have laid down principles 
of mathematical philosophy from which we may argue in philosophical 
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inqniries ; thase priaciples are the laws and coDdiciona of motion and 
force. ... It remains to apply these priBciples to the explanation of 
the constitution of the sjatem of the world. In treating this subject I 
at flrat wrote the third book in » popnlar manner in order that it might 
be read widely ; bnt afterwards, reflecting that those who hafl not 
sufGciently considered ttese prinoiplee could not easily appreciate the 
Btrength of the concluaioaB nor lay aside the prejudices to which they 
had been habituated for many years, and wistiog to avoid the diaputes 
which might be thus caused, I reduced the substance of this book into 
propomtioQS, in the matliematical way, which should be understood 
only by tho'o who had first made themselces masters of the principles 
previously establiaheJ. But I do not recommend every reader to 
master all the propositions already established, for even good mathe- 
maticians will find that a lengthy task ; it will be enough if a reader 
caiefully studies the delmitions, the laws of motion, and the first 
three seotions of the first book, he may then pass on to this book on 
the system of the world, and may Bubsequently consult such of the 
remaining proposifione in the first two books which are here referred to 
as he shall desire. 

RfLER OF EeASONINO IN PdllOSOPHY. 

Enle 1. We are not to assnme more causes than are sufficient and 
necessary for the explanation of the observed facts. 

Rule 2. Henoe as far as possible similar effects mast be assigned 
to the same oausea : ex. gr. the fsll of stones in Europe and America, 

Rule 3. Properties oommon to all bodies within "reach of oijr ex- 
periments are to be assumed as pertaining to all bodies ; ex. gr. 

Rule 4. Propositions in esperimental philosophy obtained by wide 
indaction are to be regarded as aoourato, or at least very nearly true, 
until phenomeaa or eaperiments show that they may be corrected or 
are liaWe to exceptions. 

The ahove rules are tokon from the third edition. The hypotheses 
enumerated in the first edition are less clear and less full. 

Phbkombka. 

Newton states the astronomical observations and other evidence 
which indicate that, eseept for small and inconsiderable errors, Kepler's 
three laws are true of the five primary planets and of the moons ot the 
earth, Jupiter, and Saturn. 
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ridonce bj v,h h it i &liuwa that 
imed lu their reipective orljita by 



o gravitating ^ 



ind den', ti 



ippli- 



Pr 1 = 

Projis, 1-6. The a3tronomii,il f 
the planets and their moons aia rei 
gravity. 

Pro]!, 7. Gravity is univetsal 

Pj-op. 8. On the attraction between 
posed of concentric shells of un form d 
caiiona (revised iu the secoml edition) t< 
the planets. 

Prop. 9. On the force of gravity in the nterioi of a planet 

Prop. IQ. The solar system mny esist foe a vary long time. 

Hypothesis 1. The centre of the solar eyatem is fised. 

Prop. 11. The centre of gravity of the solar system is fised. 

Pi-op. 12. Tho Bun is ever in motion, bat never recedes far from the 
centre of gravity of the sdIeu- system. 

Prop. 13. Deduction of the approsimate truth of Kepler'a first two 
laws conoBrning the planets ; and considerations (revised in the second 
edition) of the perturbation of Saturn's elliptic orbit by Jnpiter, and of 
the earth's elliptic orbit by the moon. 

Prop. 14. The aphelions and nodes o£ the orbits of the planets ftra 
(apart from the mntnal actions of the lattor) fised. 

Scholium. On the action cf J ipiter and Saturn on the atharoni. of 
jhe other planets. This was added in the second edition 

Pi-ops. 15, 16. Method of finding the major asis eooeutricitT and 
aphelion of any planetaiy oibit 

Prop. 17. The dinrnal motion of a planet !■* umf im and the 
libration of tho moon arises from its diuinal motion This argument 
was amplified in the third edition 

Prop. 18, The polar a^ia of a planet is kss than an eciuatorial 
diameter. 

Prop. IS. Discussion of the hguie of the eiith (ur any planet a'. 
Jupiter), anil determmati )n of the oUipticity This •ugument wua 
ainpliEed ia the second edition, ind again alteied in the hid 
but it oontinuetl to involve the issuuiptions thit the =pte d f m 
of equilibrium of a liquid planet, and that the ellipticity is p p t 1 
to the ratio of the centrifugal force to gravity Demo t t f 

these assnmptiona were given by Mac!aarin. 

Prop. 20. On the weight of a body in any latitude. Tli m t 

was amplified in the second edition. 

Prop. 21. Tho equinoctial points regrede, and the earth's asid 
nutates towards and from the ecliptic twice every year. 

Pi-op. 22. On the motion of the moon and the inequalities thereof. 
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Prop. 23. The ineqnalitiea in the motions of tha nioona of Jupiter 
anti Sfltnw) can be deriTed by proportion from those of our moon. 
Prop. 24, On the solar and lunar tides. 
Prop. 25. Determination of the diatnrbing force of the eun on the 

Prop. 36. Determination of the inequality (the horary increment) 
of the area described by the moon in & oirenlar orbit about the earth 
caused by the sun's disturbing force. 

Prop. 27. From the horary motion of the moon to find its distance 
from the earth. 

Prop. 28. To find the principal diameters of the non-occentrio orbit 
in which the moon wonld move ; Kewton's conclusion is tbat approxi- 
mately the distance in synygy is to that in quadrature as 69 to 70. 

Prop. 39. On the variation of the moon. Tbia argument waa 
amplified io the second edition. 

Prop. 30. On the horary motion of the nodes of the moon, the orbit 
being taken as a circle. 

Prop. 31. On the horary motion of the nodes of the moon, the orbit 
being taken aa an ellipse. 

Prop. 32. On the mean motion of the nodes of the moon, 

Prop. 33. On the true motion of the nodes of the moon. 

BchoUiivi. In the third edition Hewtoit inserted two propositions, 
due to Machin, to show that the mean rate of motion of the Hun from 
the moon's node is a mean proportional between the rates of motion 
with which the sun separates from the nude when in syaygy and when 
ia quadrature respGOtively, Pemberton had independently arrived at 
the same results. The methods differ from those o£ Kewton, but 

Prop. 34. On the horary change in the inclination to the ecliptic of 
the moon's oibit. 

Pi'op.' 35. Determination of Ihe inclination to the ecliptic of the 
moon's orbit at any given time. 

Scholium. A short scholium in the first edition was in the second 
edition replaced by a long scholium dealing with the application of the 
theory of gravity to other inequalities of the moon's motion ; namely, 
the annual equation, the equations of the mean motions of the apogee 
and of the nodes, the " semi-annual equation," the " second semi. 
"annnal eqnatioo," the "semi-annual equation of tho apogee," the 
" second equation of the moon's centre," and on the lunar motion. 
The scholium in the first edition indicates that Newton had calculated 
the motion of the moon's apogee (see above, p. 85), 

[The Portsmouth papers contLiin some of Xewton's oalculatiuab of 
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tte iuequalities above describefl. They appeac to have been written 
in 1686, The most interestiag are thosa on tha motion of the moon's 
apogee, to wticb he alluded in the first edition, though the reference 
was struck out in the second edition. 

The aoooimt of those calculations in the nest paragraph is taten 
from the statement drawn up bj the late Prof, Adama, and printed in 
the preface to the Catalogue of the Portsmonth Collection, 

Two lommas carefully written out are first eatabliahed which <^ye 
the motio f th pogee II pt b t f j mall t ty 

due to g Q maJl da b g f act ng (1) n tb di t i 

the radiu t ^C) b A t pepdlaittNit 

follows th pil t f th 1 mmaa t th p t 1 as f th 

Moon, in wh h th ppo t th t th d t 1 pre te 1 

by Chan th I m t f p 1j 11 p b t f mall 

eccentric ty w 11 1 1 t p t 1 ou 1 q tly 

Sewton 1 d t m d fy th t PI sit I th P h h w 

that if th moo btb ppdth Ipdt t ty 

itsformwllb 11 m t ly 1 w th th th h t th 

Bmaller asio bein" id the line of syzygies and the larger in that of 
qnadratu th t f th b ^ ly th t f W 

Sow wh th p p tn ty f 1 b t 1, t t 

supposing tht t ttbmllNw mthtthfm 

of tho o 1 t wh h th m 11 11 b 1 t d to th 

form of th ftl b t b f t d ly as II pt b t f 

small eoce t ty w th th aith t t 1 ted t 1 

orbit abo t th th th t H th t mp to d d tli 

horary mt fthm Pgf yg pt t 

the apog w th 1 t th 1 h 1 th t f t 

denote th f 1 bl th 1 f 1 t f h nn f th 

moon's apogee, then the mean houily motion of the moon 8 apogee 
when in that posit t th mea h ly m t f th m 

1 + Vt 3835 
The investigation this ] t t ly t sfaot y d E m 

the alterations mad tl MS ^ to Tid tl f It d bt b t 
the oorrootneea of th ffi t h h 1 f -m I 

From this, hower h d d j tl th h 1 

motion of tho apog It g w Id m t t 9 51 1 wh 

the annual motion th A t m 1 T bl 40 41 Th 

result stated in th h 1 m t th fi t d ppoa t ha b 

found by a more mpl 1 p 1 lly m h m mjl ted 

inTOstigation than h t t 1 in th t t II ^ 

We know that N w ly m t d th th 1 t f 
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tie Pnncipia, and ictended to recaBt large pacta of it. A list of pro- 
positiona, probably drawa up about 1694, foe insertion in this pact of 
the HetJond edition of the FHndpia, is given in the neit chapter.] 

Piv^p. 36. On the solar tide. 

Prop. 37. Conseqnent dednotiona of the magnitude of the lunar 
tide, from which the maaa and density of the moon are conclnded. The 
argnment was amplified in the second edition, and three oocoUaciaa were 
addefi, two more being added in the third edition. 

Pi-op. 38. On the (spheroidal) figrre of tha moon ; and the explana- 
tion of why, save for librationa, the same faoo of the moon is always 
turned to the earth. 

Lemma 1. Aaeuraing the earth to be a uniform rotating spheroid i 
and supposing it to be divided into a solid sphere described on the polar 
ada, and a protuberant circumaoribed shell, and that QR is the line 
where the equator outs a plane through the earth's centre and perpen- 
dicular to the line ^rawn thence to the aunj then the equatorial ring of 
protuberant matter will tend to turn the earth about QB with a force 
equal to one-half that of an equal mass placed at that point on the 
equator which ia most distant from QH. This lemma was rewtitteo in 
the aeoond edition. 

Lemma 2. Aud the protuberant ahell will esert two-fifths of the 
force of an equatorial ring of the same mass. Thia waa added in the 
second edition. 

Lemma S. Aud the motion of the whole Garth about Qli will bo 
about 9252M/10" of the motion of an eiiuatorlal ring of the aame mass. 

Hypothesis 3. If this ring moved round the sun with the aame 
annual and diurnal rotations as it would have if part of the earth, then 
the motion of the equinoctial pointa would be the same whether the ring 
were fluid or rigid. In the Brst edition this was printed as a lemma, 
but DO demonstration was given. Laplaoe was tha flrat writer to prove it. 

Prop. 39. To find the precession of the eqninosea. The argument 
waa altered in the second edition. 

Lemma 4. Oomets are higher than tha moon aud traverse the solar 
system ; and (oor. 1) shine by the sun's reflected light. 

Prop. 40. Comets move in oonioa having the sun in a fooua, 
and they deacribe areas about the sun proportional to the times of 
description. 

LemmaS. To describe a parabola of the form j( = a + bJ^-Fcc'+ .... 
which shall pass through any number of given pointa. 

Lagrange has pointed out that lemmas 4 and 5 of thia book contain 
implicitly the result known aa Lambert's Theorem, though it was first 
enunciated by Euler in 1744. 
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Lemma 6. Certain .poaitioas of a oomet being giTOO, to ficd its place 
at aay intermediate time. 

Lemma 7. Two straight lines AB and AC being given, and P being 
a given point ; to draw a straight line BPC tlicoiigli. P and terminated 
by AB aud J.0, ao that PB may be to FC in a given ratio. 

LejamaS. Let ABG be a parabola whose foCiiB ia g. Bieeot the 
ohord AG in r, and let jjl be the diameter and ji the vertes of the seg- 
ment ABGX. In I^ take a poiut ao that jiO-^Iij,. Join OS and pro- 
duce it to g 80 that S^=20S. Let |B cut AC in E. Then, iE a ccmot 
moTe along the parabolic arc A/tBG, the segment ^lE is nearly propor- 
tional to the time o! description of the arc AB ; and (coc. added in 
second edition), when B is at /i, it is accurately so. 

Scholium. IE in n| we take n so that |fl ;nB= 27311 : ISafu (» 
being on ji^ prodnced or on fi|, according as B or /i is more diatamt 
from the vertex of the onrve), and if Bn cut AG in F, thon the segment 
AF is still more nearly proportional to the time of closeription of the arc 
AB, This was added in the second edition. 

Lemma S. In the figure of lemma 8 let OS cut AG in M, then will 

Lemma XO. In the figure of lemma 8, prodnoe Sfi to Jf and P so 
that nW=4/*I and SP=8W=/8/i. Then, if a particle moved with the 
velocity due to the distance SP for the time T which the comet takes 
to describe the arc A/iC, it would describe a length eq^ual to the 
chord AG. 

Lemma 11. If a particle were let fall from rest at M" towards the 
Bun at S, under a uniform force equal to the force at Jf, it would in the 
time |r describe a space equal to fJ. 

Pro'j). 41. From three observations of a comet moving in a parabolic 
orbit, to determine the orbit The question is reduced to the case 
treated lu book i piop ID The method is illustiateil by an olaborate 
discussion of the comet of IbW (Hallej's cornel) «ith a diaquiaitiou 
on the tiiliJ of comita The aigument was amplified In the second 
edition 

Sewton siya of this que^ticn "proLlami bocce longe difficillimnm. 
multamode aggresBns," and it ^oold seem that he had another solu. 
tjon which be discarded for the one here given The solution in the 
PrtJiLip a, howevei, may become indeterminate, as Boscovich pointed 
oat in 1749, and, as a matter of faot, it is inapplicable in piactice 
Probably Newton's other solntion, to which he lefers, is that given 
m the two problems which lie piiuted at the end of bis essay Be 
Syetsmate Mandi, and I consider it to be simplei than the solution 
printed in the Prmr-ij n 
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P/ojj, 4S, Oa the correotion of a comet's tcajaotory as foand bj- 
prop. 41. This ia aooompanied by a diaoussioc of astronomioal obeer. 
VBtioas on varioaa comets. The argmaent was amplified in the second 
edition. 

General Scholium. On the phanomena of the solar aystem, the 
esplauationB thereof, and the eternal Doity by and through whom the 
universe exists. This scholium was aSdod in the second edition. 
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CHArXEE vir. 
INVESTIGATIONS fEOM 1087 TO 172G. 

Ix the preceding ehapters I have traced in some detail 
the history of the development of the views on gravitation 
published in the Frindpia. As far as this essay is concerned 
I shall deal only briefly with the subsequent history of 
Newton's work, and on some points shall indicate the 
authorities rather than quote or discuss them at length. 

The publication of the Principia in 1687 marks a distinct 
advance in theoretical astronomy. The presentation, in 1684 
or 1685, to the Koyal Society of the memoir De Motu, had 
served to call the attention of the scientific world to the 
importance of the discoveries there outlined, and the most 
eminent mathematioiaais of the time eagerly procured and 
read the Frindxda as soon as it came out. 

The fame to which Kewton thus attained materially 
affected his subsequent career. Until this time he had led the 
life of a student, and almost of a recluse. His reputation now 
caused his company to he courted, and his presence was sought 
in London and elsewhere by people of rank and of learning. 

In passing I may hare say that Hs enhanced celebrity 
led to the gratification of a long-standing desire to make 
the personal acquaintance of Huygens who, in the summer 
of 1689, came to England in order to meet H"ewton ; and at the 
meeting of the Eojal Society on June 12 Huygens spoke 
at length on gravitation, and, to return the compliment, 
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Newton spoke on double refraction and polarization of light. 
The position -wliicli Kewton thus came to occupy induced him 
to take a more prominent part ia public affairs than formerly. 
He had been one of the delegates sent by the University to 
defend their privileges againat the encroachments in February, 
1687, of James II.; and ia 16S9 Kewton was elected as one of 
their lepresentatives in Parliament. All this led him to hope 
for some place which would secure an assured incomoj and we 
may say that after 1689 lie was looking for office, and that the 
ff 1696 f th p t f "n d f th M t w th 1 t 
tmfh wfft dfth fbf d 
Putt asd h p hi If t 1 th f th 

y I m y 11 tt t ( ) t 1 

I 1 tl bj t m tt f th P I ( ) t h 

f th w k d h t f th Its th 

( ) t tl p 1 t f d 1 1 and ( ) 

t th p t t f thul dt 

Th p d t il d ^ wt tl fi t f w 

y ar ft th p 1 1 t £ tl P jj by q t f 

ml m t PI t h h d hi I f t th 

kw t t fmwhhwaslkljtoflttt 

I ^ t bj 1 f bihty d d t y f th 

d m t t t f It 1 th il t 1 1 

tl d bl mb f m 1 t h I th 

Itj f th bj t d th mm y d by 

tl hook t d d t m k t mp 1 m tt f 

tdyNwt hw mth b will t tak 

g d d 1 f t U t } 1 th d tfi It f th 1 
t t h Th — t t k tui — ( lib t CI k 

pp tlj } 1 t t t IS' t te S pt b 

lt,8 th t 1 II t U d t d th fi t th 

t 1th h 'N' wt J th t f th mp 1 a 

mndtlmtlmt^dt btb th 

m^ of his declmin^ a^e, he hopes that Newton will permit him 

' Fortamcith Collection, section Tl. diriaion xiv. number 10. 
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to point out some difficulties ; and thereupon lie criticises the 
demonstrations of book i. props. 15 and 17. In a graceful 
reply, Hewton says ; " I do not wonder tkat in reading a hard 
"boot you meet with some scruplesj and hope that the remoYal 
"of those you propound may help you to understand it more 
"easily." He then answers the questions very fully, and says 
that he trusts that his oorrespondent will write again if there 
be anything else at which he sticks much. Cleilce 
this permission in a very liberal manner, for in 
letters he criticises not only the matter of the hook, but 
Hewton's language and even his handwriting, though Gierke 
half justifiee himself by saying that he and Barrow were mainly 
} for introducing such studies into the University 

) forty years previously. Newton's later replies are not 
extant, but he seems to have written out full demonstrations of 
the points on which he was asked for information. 

The conclusions of the Tnndpia excited almost as much 
interest among philosophers and literary men as among 
mathematicians. For example, the Earl of Halifax, an eminent 
man of letters of the time, was most anxious to understand the 
general argument of the FrLnd^ia. He appealed to Newton 
to know if there were no way of mastering the subject except 
hy the aid of mathematics, and, when he was told that it was 
impossible, he set himself to learn mathematics from Maohin, 
to whom he presented fifty guineas as an encouragement ; but 
the task was too hard, and finally Halifax, whose tastes were 
literary rather than scientific, abandoned it in despair. 

The correspondence of Newton with two scholars — Loeke 
and Bentley — whose private friendship he enjoyed, possesses 
a more permanent interest. 

Ijocke's Itnowledge of mathematics was too limited to enable 
him to understand the arguments by which the propositions 
in the Principia were proved. He accoidingly inquired of 
Huygens if he might roly on the accuracy of the demonstrations, 
and when assured that he might do so, he confined himself 
to examining the general scheme of the work. 
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Locke made Xewton's acquaintance at the close of 1688 
or begmning of 1689, apparently at the weekly receptions 
given by Lord Pembroke, and seema to have aaked if the 
truth of the two fundamental propositions, namely, props. 
1 and 11 in book i, could not be demonstrated in some more 
simple way. To this request M'ewton, in March, 1689, sent in 
mant^cript an alternative proof of prop. 11, which he thought 
Locke might find more easy to follow than the one given in the 
Prinaipia. This proof was found among Locke's papers, and 
was published in 1829 or ISSO* There is another copy of 
it in the Portsmouth Collection^, in Newton's handwriting, 
written on two double sheets of paper, making eight pages, 
of which the first six are closely written. As it may be new 
to some of my readers I give extracts from it. For the 
punctuation and the use of small or capital initial letters I 
am responsible ; in most cases I have also written abbreviations 
at length. In the copy published by Lord King, prop, 2, as 
given below, is missing. 

By^oth. 1. Bodies move nniformly in straight lines lujleaa bo tar ae 
they are retarded by the reaiatance of the mediQia, or distmrbed by 
some other f oroe. 

Hj/p. 2. The alteration of motion is ever proportional to the force 
by whioh it is altered. 

Hyp. 3. Motions impreat in two different lines, if thoaa two lines 
be taken in proportion to the motions and oompleted into a parallelo- 




* Lord King's Life of Locke, second edition, Loudon 
S9-1O0; third edition, 1858, pp. 310-216. 
t SeotioQ I, division viii. number 1, 
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I. PROP. 11. 



have been aeBcribed by those ODrnpouuding motions apavt. Tte 
motiona AB and AC compouod The motion AD. 

JVoy. 1. If a body move in v80uo and be continually attracted 
towards an immoveabla center, it shall oouEtantly move in one and the 
aame plane, and in that plane [with a right lios drawn continually 
from its own center to the immoveable center cf attraction] describe 
equal areas in e^nall times. 

[The proof in the manuecript is similar to that given in the 
Froposition^a Be Motii, prop. 1, and to that given in the Pmieijrfa, 
book i. prop. 1.] 

Fro;p. 2, If a body be attracted towards either focus of an ellipsis, 
and the quantity of attraction be such aa suffices to make the body 
revolve in the oiroumferenoe of the ellipsis ; the attraction at the two 
ends of the ellipsis shall be reciprooally as the sqnarea of the 
[distances of the] body in those ends from that foeus. 

Let AEGB be the eilipsls ; A, C its two ends or vertices ; F that 
focus towards whioh the body is attracted ; and AFE, CFD areas 
wMcli tbe body, with a ray drawn from that foons to its center, 
doacribes at both ends in equal times. And those arcag by the foregoing 




proposition mnst be equal because proportionall to the times, that is, 
tbe rectangles lAF x AE and ^FG x DC must be equal, supposing the 
arches AE and CD to be so very short that they may ba token for 
right lines. And therefore AE is to CD as FC to FA. 

Suppose now that AM and CJV are tangents to the ellipsis at its 
two ends A and 0, and that EM and DN are perpendiculars let faU 
from the points K and D upon those tangents ; and beoanae the ellipsis 
is alike crooked at both ends those perpendiculars EM and DS will be 
to one another as the squares o£ the arohos AE and CD, and there- 
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f EM to DM" aa FC t P 1 N w tli t m tli t th body 
by m f th tt t m tb h Ah d CD from 

itE 1 f m C t D t w n w h t t t m in the 
t g t f m 1 t Jtf a f m r t Y T 1 y th f of the 

tt ti th t tb b d d w t f th t t f m ¥ to I? 

d f N t D d h £ th tt t ib i tanoes 

IE d AD tb i th tt fc th d f tb 11 p ^ ia to 

h ttra t h th 1 f th II i IE t ND, and 

ly i FC t Fi 

W t 6e deia. 

Le 1 I£ ht 1 t h 11 1 y P t thereof, 

1 p 11 1 t th t g t b d w b gbt 1 f ra the 

oe t f h II p wh h h 11 t t tl d ght 1 d wn from 
th t hi t th all I E E tl 11 P th go t of the 

last-named right lice lyin b tw tb i t f t d th 

point of contact shall he eq I t h If tb 1 g f tb lip 

Lemma 2. Erery line d w tb 1 th f f y II p 

and terminated at both end by b 11 j t tb t d m t f tb 

ellipsis which is parallel t th I tb m 1 fc t th 

long axis of the ellipsis. 

Lemma 3. If from eith f fyllp t Tpt 

the perioietar of the ellip b 1 w gbt 1 d tb j,b 

line dotb tonch the ellipai thtj t db gl f tatb 
subtended by any tb^rd ri ht 1 d w p 11 1 t th fi 1 1 tb 
rectangle which that sub t w b th m bt p 

ducecl to the other side of the ellipsiH la to the recfaagle which tbe 
long asis of the ellipsis oont'una with the first line produced to the other 
side of tbe ellipsis as the Rquaie of the d stance between the anbtenae 
and the first line is to tbe square of the sbort asis of tbe ellipsis 

[Geometcioal demonstrations of (h tl 1 m ai gi 

the mamiHcript, but it is not neoesaa yt pd thmh ] 

Prop. 3. If a body be attract I f m d th foe f 
ellipsis, and by that attraction bemdt 1 bpmtef 

the ellipsis : the attraotiou shall be p lly th i f b 

distance of the body from that focns E th II p 

Let P be tho place of the body th 11 p t y m m t f 

time, and PX the tangent in which th body w 11 m f ml 

were it not attracted, and X tbe pi tlttgfcfchht 

would arrive in any given part o( t d 1 th jl th p 

meter of tho ellipaia at which the body dotb arrive in the sanie time by 
means of the attraction. 

Let ns suppose tbe time to be divided into equal parts, and that 
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ttoso parts are vecy little ones eo tliat they may be oonaideced a^ 
physical momenta, and that the attraction acts not continually bat by 




. Eth 



£ eiery physical moment; and let 

p h b dy n P, the nest upon it in Y, and sti 

tl t th b dy may move from P to T iti the chord 

~ " ce in the ellipsis in the 



f r 



A d h th tt 

body from the tangent J 
the first physical momenl 
have been without the a 



is made towards F, and divecta the 
■> the chord PJ, so that ia the end of 
not fonnd in the plane X whore it wonld 
jn but in T, being by the force of the 
attraction in P translated from X to F ; the line XY generated by the 
force of the attraction in P must be proportional to that force and 
parallel to its direction, that ia, parallel to PP, 

Produce XY and PF till they ont the ellipsis in I and Q. Join 
FT, and upon FF let fall the perpendicular YZ, aud let AB be the long 
axis and Xlj tbe short axis of the ellipala. A.ti((, by the third lemma 

YX X XI will be to AB x PQ as I2i to KL" ; 
and by oonaequence, 

YX will be eqnall to - ^ . 

And in like manner, if jij; be the chord of another arch py which 
the reyolving body describes in a physical moment of time, and ji c be 
the tangent of the ellipsis at p, and sry the sabtense of (he angle of 
contact drawn parallel to jjF, and if 'pF and nj produced out the 
ellipsis in q and i, and from y npon nF be let fall tbe perpendioular 
ija; the subtense ys shall be equal to • rr i^^ 
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.Imt is, as ^rZ" to ^yl^. 

And beoauBe the lines PY, py are by tbe reyolTiog bod; described 
a eqnal times, the areas oi the triangles PYF, pi/F must be eqiiar,by 
the Srafc propositi ou ! and therefore the rectangles PF x I'Z aud 
i)F X ys are equal, and by consequence 

rz is to yz as jiF to PF. 



L«T7.!,tni'5„,,„, P^,. 



rX is to y<e as ^^^P' to i^Pi"^. 

And as we told you that Z^was the line generated in a physical 
moment of time by the force of the attraction in P, ao for the same 
reBBon ia m/ the line generated in the sama quantity of time by the 
force of the attraction in p. Aad therefore the attraction in P is to the 
attraction in p as the line XY to the line my, 
that is, as ^pF^ to MpF'i. 

Si[.j.Lie now thit the eqial timea in which the revolving body 
deacnbes the lines PI ■ind j.u become infinitely little, so tbat the 
attraction may become conlinnal and the body by this attraction 
leTolre m the perimeter of the ellipsis ; and the lines PQ, XI, aa alao 
))5 r baooming coincident and 1 y coneequenoe equal, the qnantities 
^^ pFi aad l^PFi w 11 b-oome j Fi and PFi. And therefore the 

attraction in P will be to the attraction in y aa fFi to PFi, that ia, 
reciprocally as the squares of the diEtances of the rerotviug boilies 
from the focuE o! the ellipsis [towards which tlie attraction ia directed]. 



Bentley was another famous scholar who was desirous of 
understandiag how Newton had haen able to establish such 
far-reaching conclusions. In 1691 he asked William Wotton 
to obtain from Craige a list of works which would give that 
preliminary knowledge of the subject which was necessary 
to enable one to understand the Principia. The boolis named 
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by Craige* are unreasonably namerous and unnecessarily hard, 
And Bentley, astonished at the receipt of such a list, applied 
direct to !Newtoii, who in July, 1691, sent the following 
directions t ; 

Sfaxt after Euolid's Elemetits the Elements oE y- Come aentionB are 
to be uaderstood. And for tliis ead yon may read either the firat pais 
of y" Elemenfa Curvarnm of John De Witt, or De la Sire's late treatise 
of j= ooniok seotiona, or D' Barraw'a Epitome of ApolUjnins. 

For Algebra read first BortJi[o!]™' s iutroduotion, and then peruse anoh 
ProbletuB as you will Had scattered np and down in y° Commentaries on 
Cartes's Geometry aad other Alegraica! [sic] writings of Franciss Schooten. 
L do not mean y* jon ahonld read oyer all those Commentaries, but only 
y* solutions of suoh Problems aa you will here and there meet with. You 
may meet with De Witt's Blemanta onrvarum and Bartholin'a Introdnotion 
bound np together w"' Carte's Geometry a,nd Schontea'a Commentaries. 

For Astronomy read first j= short account of j'^ Oopernioan System 
in the end of Gassend'us's Astronomy and then so much of Mercator's 
Astronomy aa ooooerns j* same ayatem and the ne v d'acu e "es made 
ia the heavens by Te eacoj ea n the Append s 

These are safEc ent fur nnleratandog my book b t f you can 
procure HiigeiiiitaV H ohg no i!o or the poruaa of that t 1 

mate you much mo e le'idy 

At y= firat per sal f my Book a enough f t n unle 6 nd y 

rest Poi when you underit nl y ea er the w 1 aft war s gv 
you light into j^ harlo When yea ha e e'll y first 60 pa,^e piss 
iia to y" 3'' Bojk ant tihan jou see the de „d of that you may turn 
bacl to snoh Piopos t ns as tou ahnll hare a des e to kuow o pe use 
the whole in order if you thiofc fit. 

In 1692 Bentley was appointed lecturer on Boyle's newly- 
created foundation, and lie devoted his lectures to a refutation 
of atheism, concluding them with the argument tliat the 

• Craige's letter dated Jane 21, 1601, is given in Bentley'e corre- 
spondence, see vol. ii. pp. 736-740, and vol. i. p. xxsli. ; a]80 by 
Brewster, see vol. i. pp. 297, 422. 

f From the original in the Library of Trioity College, Cambridge ; 
it has been previously printed by Dv. Edleston and by Brewster. 
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physical eonstitutioa of the laniverse, as dcscribecl by Sewton, 
necessitates the esistence of a Divine Being. Before puhlisbiiig 
them ho consulted M'ewton on somo points ; and in reply the 
latter wrote four letters*— dated respectively, Dec. 10, 1692, 
Jan. 17, 1693, Feh. 11, 1693, and Feb. 25, 1693— which are 
of special interest, as indicating his views on the origin of the 
solar system, the nature of gravity, and the philosophy of 
the universe, 

If comparative strangers wrote freely to Newton on the sub- 
ject of the Principia, it may be supposed that his own friends 
abo communicated with him on it ; probably such explana- 
tions and assistance were generally given in personal interviews. 
For instance, David Gregory devoted himself to a study of the 
book as soon as it came out, noting the points that occurred to 
him as he read it. His memoranda! nm to 213 closely written 
folio pages. His first note is on book i, prop. 17, cor. 3, and 
is dated Sept. 32, 1687 ; in 1691 he was appointed — lai^ely on 
Ifewton's recommendation— to the Savilian chair of astronomy 
at Oxford, and he does not seem to have had leisure to continue 
his detailed study of the Pmicipia till December, 1692; he 
finished his memoranda in January, 1694. In May of that 
year he paid a visit to Cambridge, as he says, "quoniam varii 
" errorea in propositiones 37 et 3S (Lib. 2), irrepsere illos 
"omnes restitntos hie apponam, prout in auctoris exemplar! 
"iaveni, ineunte Maio 1694, dum Cantabtigiae haererem 
" consulendi divini auofcoris gratia." 

This visit was followed by a correspondence, most of whicli 
is^now lost ; but the draft of one letter (which probably forms 
part of it) is in the Portsmouth Collection, and contains 
Newton's investigations of the form of the solid of least 

* Tte originila are in the Library of Trinity College, Cambridge ; 
they were piicted by E. Cnmberlaod, London, 1756; by S. Horaleyin 
his edition of Newton's works, London, vol. iv. 1783, pp. 429-442; 
and by J Nichols m bis Lilerary Historij of the Eighteeitth Century, 
London, 1S23, vol iv. pp. 50-60. 

+ Kigaud, p OS tt ben. 
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resistance of wHeli the rp'^iilt ilone wi,= given in the 
Principia^ 

I turn njw to tlii> hi'.t ly of Ifentons own m^ e'.tigations 
on gravitatnn subsequent to the publication of the Psimipia 
The lart of tl at woik with which Newton was leMt sati^hefl 
was the explanat on of the lunai iiie^uUntieo, and it is mc-t 
! k ly that this sabje;,t continued to occupy his attention 
even mmed ately iftei the puVhcation of tho first eliti n 
i irs7 deal on July 6, lbs7, wb find IlalW piess ng him 
to go on with the suljeet of the lunir theory It was 
a matter of evtrame mnoyance to !Ni,wt jn that he ■« i'- 
unable to plaboiate the theor) completely Many year'* aftei 
wards he told Michm that his hoid had never ached but when 
he was studying the lunar theory, and Londuitt asserts that 
Halley said that when Newtm was prea&ed to ompleto his 
theory of the mooni he lejhed that "it made his head achu 
"and kept him awike sj often that hp would think of it 

That iinnieliitBly alter the publication of the Pj n ijia 
ITewton continued to work at the sulject of the lunii theiry 
seems well estatlished, for m lulj, IS")!, Newton hid 
arrangedl a \isit to Lneenwich m oider to obtain '.ome 
observations which uould check or veiiJy his result' The 
fact appears to have been ^enenlly known Thus la a public 
journal in Januaiy, Hj02, Do la Lio/e writes^ "Mr Ifewton 
" is prepanng a ne i Si/iieni of Pluloiophy which will he much 
"larger and plainer than his Puncipta" , and in the sime 
journal two niDnths later there is a note that "nithin^ con 
" siderable is doing new at Cambridge, but Mi Ifewton -, nen 
" System of Philosophy ' 

We may tike it, then, that m and after 16b7 >ewton was 
working at the theory of giaMtftion, and it is tolenbl^ cettain 

' See above, pp. 101-103. 

t Brewster, vol. ii. p. 108. 

X Ibid; p. 109. 

g I take those quotationa from tlie Cotes Oon'sspondence, p. xu. 
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that he looked forward to ultimately publishing his iavestiga^ 
tions, hut it is by no means eleai that he had any immediate 
intention of revisicg the work already issued. Indeed, in a 
letter to Flamsteed, dated Aug. 10, 1691, introducing David 
Gregory to his notice, ISTewton* says : " I would willingly have 
"your observations of Jupiter and Saturn for the 4 or 5 
"next years at least before I think further of their theory; 
" but I had rather have them for the next 12 or 16 
"years. If you and I live not long enough, Mr. Gregory and 
"Mr. Halley are young men. When you observe the eclipses 
"of Jupiter's satellites, I shonid be glad to know if in long 
"telescopes the light of the satellite, immediately before it 
"disappears, incline either to red or blue, or become more 
" ruddy or more pale than before." 

The first edition of the Pnndpia was out of print by 
1691, and as time went on it became increasingly diifieult 
to procure copiesfj they were, says Cotes in his preface, 
"rariasima admodum et immani pretio coemenda," Sir 
William Browne, ahout 1708, secured one for two guineas, 
which was thought very cheap, but to poor students such 
a price was prohibitive, and we read of one who was reduced to 
transcribing the whole work in order to obtain a copy. 

In December, 1691, Fatio de Duilliers wrote| to Huygens 

that it was "assez inutile de prier M. Newton de faire une 

" nouvelle edition mais il D'est pas impossible qne Ventre 

pn nhdh hwto 

h d dbnjssfm dd 



+ Sea Rigaua, pp. 104-105. 

X Eugenii AUoramq'ue Exercitalionss Mathematicae, The Hague, 1833, 
vol. ii. p. 1S4 ; see Bigaad, p. 89. 
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1 reiulGgyl mm Imf 1691 alludes 

ttl wdt d dlylt Itrt writing on 

F b ir9 J th t tl 1 t t U 1 ided. 

Th t \ wt ly t t d th d of allowing 

F t t T talc tl k d I th m re probable 

f m tl f t tl t h g d F t t m 1 1 ve at Cam- 

b J d M h li 16Ji N t the chamber 

tm dp dfbttht hhl as confcriving 

w th t y t f h 1th w Id t g ve j'ou leave 

tillyd f bt t London, to 

mky 1 11 mhtmkj subsistence 

1 ytj Adfj ff mSt land be not 

\ bttht thtd ttlmju may stay 

till m t m E ^1 d ( y 1 t 1 tt r gives mo 

h p ) y wili m li bl m by t mi^, 1 ther." 

A dgth wnttmtFt iDently well 

qualified for the task, and Huygens and Leibnitz thought that 

ifewton was fortunate to have had the offer of such assistance ; 

but ratio's extant notes on the Frinetpia hai-dly bear- out this 

view — they show care and industry, but no marked ability ; 

and they are far from justifying the lines wliich he wrote in 

his copy of the third edition ; 

" Insculptoque basi Wewtoni nomine; in ipso 
" Culmine scribatur, Faciua niultum addidit aedi : 
"jSidi, quae immensi typus est templi Omnipotentis." 
Certainly we have no reason to regret that the task of 
revising the Frinoipia was ultimately entrusted to hands 
other than Fatio's, 

It is, however, probable that any idea entertained by 
Ifewton of accepting Fatio's proposal was abandoned when the 
latter expounded his "explanation" of gravity, according to 
which the weight of a body was caused by the pressure of the 
atmosphere. Fatio asserted that he had satisfied Newton, 

• Letter from Newton to Fatio quoted by J. Nichols, Literary Mistm-y 
o/tlw EisT^Uenth Centmyy London, 1822, vol. It. p. 58. 
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, and nalley that this view w rr t 1 t D 'd 

y added a note that aa far as N" wt n d H 11 y w e 
conceraed they diaapproved of it, and th n n t 

think that Huygena held a different opm 

It would appear that ia 1694 H"ewt h e t the 

work himself with a view to ultituately b m n t a nd 
edition; and that in the new editifn h r p d t adl 
largely to the third book, and inpt 1 tmlltl 
results of his lunar theory as far as th y w ■w k d t 
Many of the calculations and merooranda iii the Portsmouth 
Collection* must, I think, be referred to this pen 11 1 1 si ould 
far exceed the limits of this esaay were I to discuaa them heie 

The following liat of propositioES on the lunai theory 
which presutoably were to be included in this edit on is taken 
from the preface to the Catalogue of the Portsmouth Collection 
and will he read with interest as indicating the line of lesoaich 
pursued by Newton. 

In Theoria Zimae traclentur hae ProposUiones. 
8 PfiOP. XXV. PKOB. Y. PiGE 43i, Princip. 

Oi'bein Lnnae ad aeqnilil)rinm ceducerB. 

5 Prop. XXVI. 

Aream orbla totius Lunaria ia piano immobiU descriptam mensi 
synodico proportlonalem esse. 

6 Prop. XXVII, 
InvOQira distantiam mediam Lunae a Terra. 

? Prop. XXVIH. 
Jnvenire motnm medinm Luua^, 

1 Prop. XSIX. 
In raed^oeri dietantia Torrae a Sole invenlre vires SOl^S tarn ad 
perturbaudos motus Lunae quam ad mare movondum. 
2 Pkup. 



y Google 
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3 PeCf. XSX. 

Inveaiie incremeiituDi horarium areae quam Lima in orbe coa 
xcentrieo I'evolvecs radio ad torram duoto in piano immobili desoribit, 

4 Pbop. XXXI. 



Es motu 


. Lorarit 


) Lunae invenire distantiam ejus a terra. 


luyenire 


1 formfii 


10 Psop. 
n ofbia Lunaiis non esc 


entriei. 


Icvenire 


, yariftti 


11 I'ROF. 


1 excectrfco. 


Iiifenice 


9 Fkop. 
aequatiojiem parallacticam. 




iBvenlrf 


,.„™ 


13 Prop. 
n orliifi LnnariB esoentri 


oi. 


13 Prop. 
rico ravolvena radio s,d, terram dnolo in ph 


quam Lumt ia orbe i 
luo immobili desoi'ibit. 


14 Paop. 


In„nl.,.„„.l 


Prop. 
:ionem paraliactioam in 


□rbe exceatrioo . 


luvenirs 


! paralli 


Peop. 
ixlm BoVis. 





layenire motum borariuoi Apogaei Lunaria in QuadratniiH t 



Inveiiire motnm Jiorariam Apogaei Lnnaris in ooujunotione et 
oppoeitione consistentla. 

PfiOP. 

Bs mota medio Apogaei invenire ejus motnoi vcrum. 
De Sole. 

Invenire locum solis. 

Ex Solis motu medio et prostapbaeresi dabitur locus ceatri gravi. 
tatis Terrae et Lnnae deinde es boo loco et paralla^i menstrua (guae 
in quadraturia Lunae est 20" yel 30" circiter) dabitur locna terraa 
cum loco oppoaito solis. 
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Inveniva motum Aphcliorum. 

I " e motum nodcirum. 

N d orbinm Jovis es Saturai movetnr in piano immobili quod 
Iran t p nodum ilium & Eecat angulum ocbium in rationB oocporum 

d t t as duotorum inverse, id oat in ratione equatitatis oirciter, 

t nt Dgulo quern hoc plauum oontinet oiitn aagulo otbia JoYis 

m J am angiilo altaroquem continot oam orbs Satumi. Serventar 

f t 1 atioues orbium omninm ad lioo planum, & quaeranturmotuE 

t -E t cum qnaa orbes oum ipso faciuct at hababuntur motus 

piano a cbium vespeotu fisarmn. 

Invenira perturbatioues Oi'bis Satnrni ab ejua gra^ifata in Jovem 
Inveniro partucbationeB Orbia JoTia ab ejus gravitate in ,Satiirnnm 
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" was produced aaJ read, wherein he recommends to the Society 
" to use their endeavours to induce Mr, Newton to puhlish his 
" further thoughts and improvements on the subject of his late 
"book, Pnncipia Philosophiae Matliemalica, and his other 
" Physical and Mathematical discoveries, lest by his' death they 
" should happen to be lost." But to this and similar applica- 
tions !N"ewton turned a deaf ear, and his discoveries remained 
locked up in his note-books, while ho proceeded with his 
researches and the further revision of the first edition, 

la connection with this revision he required various 
astronomical data, for which he applied to Flamsteed, the 
astronomer-ioyal. Newton visited Flamsteed on Sept. 1, 1694, 
and a considerable number of letters passed between them. 
Thus, on Oct. 7, lG9t, Newton sent a memorandum of what 
further observations were needed, with which he says he hopes 
he can "set right tho moon's theory this winter." On Oct. 3i 
he acknowledges the receipt of some observations, and on Nov, 1, 
in making some remarlcs, and pointing out certain errors in 
some of the observations, he adds; ''I desire only such obser- 
"vations as tend to perfecting the theory of the planets in 
" order to a second edition of my book." The correspondence 
that ensued has been discussed carefully by Brewster*, whose 
conclusions seem to me to he juat and judicious. According to 
Brewster, Flamsteed gave Newton his beat assistance, though 
perhaps with some unnecessary delay, very often in an irri- 
tating form, and accompanied by reflections on Halley — of 
whom Flamsteed had an unreasonable dislike — which were 
particularly annoying to Newton. Nowton himself was far 
from well at this time, suffering from insomnia and general 
nervous irritability ; he had spent months of labour in assistingf 

* Brewster, vol. ii. pp. 115-132. 

t Nevrton sent his first table of vefi-aotiona on Nov. 18, 1694 ; tha 
Poctsraouth papers show that it was formed by finding an approximate 
aolation of the differential equation of the path of a ray of light through 
the atmosphere. Kewton explained the theory and sent other tables in 
subsequent letters (see especially the table sent on March 15, 1C95). 
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Flamsteed for tlie purpoae of malting some return for these 
observations, but Newton did not show much, tact in pressing 
his claims, which were moral rather than legal. It should he 
also rememhered that Bentley's ill-advised remai'k, made in 
1695, to the effect that Newton conld not get lunar obaervatioiia 
by which to cheek his theory, which was repeated to Flamsteed, 
was naturally resented by the latter. The correspondence ceased 
temporarily in September, 1695, as Flamsteed was travelling 
and itt poor health; hut it was subsequently resumed, and 
finally was brought to a not unfriendly conclusion. 01 course 
I need not say that these letters have nothing to do with the 
quarrel concerning the tlistoria Coelestit, which did not 
commence till at least ten years later. 

It is most likely that Halley also continued to give STewton 
some assistance in collecting the necessary astronomical data; 
wc find, for instance, half-a-dozen letters in 1695 from Halley 
on comets, and farther we read of visits of Halley to Newton 
at Cambridge. 

In 1696 Newton was appointed Wai'den of the Mint in 
London, and three years later was promoted to the Mastership, 
His duties at the Mint necessitated liis removal to the 
metropolis, and put a stop to hts further investigations. 

It was hoped that as he became accustomed to the duties of 
his new office he would find leisure to continue his scientific 
researches, and it seems to have been generally understood that 
the work was only delayed. Thus, in a letter dated Nov, 4, 
1697, preserved in the records of the Koyal Society, W. 
Molyoeux writes* to Sloane, " I hear llr. Newton's Phil. Nat. 
" Prin. Math, is out of press, and thit he designs a 2nd Edition. 
" Pray advise him to make it a little moie plain to Headers not 
" so well versed in Abstrnse Mathemiticks, a few Marginal 
" Notes and references and 'Jajtations would doe the business." 

The assumption that a new edition was in progress was 
justified, and hy 1698, if not before Newton was again 
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working, as far as his occupations permitted, at it. Tlius, 
"on Sunday the 4th December, 1698, in the time of evening 
"service," he went to Greenwich to obtain twelve computed 
places of the moon, those formerly sent him being erroneous ; 
and the intercourse between Elamsteed and l^"ewton, in 
coimeetion with the observations required, continued for some 
time subsequently. 

Thenceforward there are constant allusions* to the expected 
new edition. Tlius, on Teh. 13, 1700, Leibnitz, writing to 
Burnet, said, "J'ai appris aussi (je ne s^ai oti) qu'il donnera 
"encore quelque chose eur le mouvement de la Lune; et on 
" m'a dit aussi qu'il y aura une nouvelle Edition de ses principes 
" de la nature." And in the Ada Eruditm-um-f for that year, 
in repljiag to the charge of pl^arism brought against him by 
Dnillier, Leibnitz said : 






paratas mecl as 

praesertim ar 

tantarum 

addi pote sa 

pertinere 

On July 

" Society 

"Moon, B k r? tc 

" modest 

Lord As N 

had had wt 

"a great m ul m 

* Cote C P ^ , I 

f Ada Erii^torum, May, 1700, p. £ 
i 1 take theae quotationa from the i 
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"inteilea'ved it, and writ m tlie margm of it, in i ^leit manj 
" jlauea It is talked he designs to reprint it though he would 
"not o«a it I 'isked him ibont his jirjif of a vacuum anl 
"said that if theie is sach a mittei as escapes thiough the 
" poies of all sensible hodie= this coid 1 not be weighed 
"I find ho desif,iii to alter that pirt, fji he ha^ nnt m 
" the margin Materia senDibili' , peiceivm^ his loaaons do 
"not conclude in ill mitter whatsoevei ' 'V.nil lastly, Fhm 
steed, writing to Pound on Ifov 15 170i, saj? that Ijfewtons 
Optics " makes no noi=e m t)wn as tlie Principia did which I 
"heai ho is prop mug aj^am tti thp pie^s with, nece&'fiij 
"corrections ' 

A3 time went on it becime m reiaingly leir that JTewtsn 
would not lia\e the leisure to complete the woik himself 
There i-. a tradition* that Aewton as soon as hp was satis&pd 
of this, intended tu pUce his Loriectiona and notfs m the hand^ 
of DaMd Gregory, with a M^n to the publicition of a second 
edition No direct evidence for this etists, bat it is in itself 
quite piohable, and Gregorys name la mentioned more than 
once m connection with the proposed edition Thu= on Hay 
29, 1694, Huygenaf, writing to Leibnitz, says "li niuidle 
"edition (jue dait procuiei D Gregonua' , and m July 15, 
1699, J MDaroe says that Malebrant,he "mightily commends 
" Jlr Hewton, adding at the same time that there were minj 
" things in his hook that passed the hDund'- of his penetration, 
" and that he iioiild be very glad to see Di Giegorj s eritick 
" upon it On the othei hand, m a manuscript J by Gregory 
there is a note dated Miy 21, 1701, on a vaiiety of points 
upon whi^h he wished to consult Newton, and the tenth 
memorandum is " to see if he has any design of lepiintmg his 
" P7incipia MatJiemaii a," which certainly implies that it hil 
not hecn then put into GregOry s hands 

* Rigaud,.p. 105. 

+ Coles Correspondeni:t:, p. siii. 
J Kigaud, Appendis, p. 80, 
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It may be that it was at this time that David Gregory- 
obtained from Newton, those roaults in the lunar theory which 
Gregory pnbliehed in the summer of 1703 in his Adronomiae 
Physical et Geometrieae Elementa, p. 336 et eeq., under the title 
Lttnae Tkeoria Newtoniana. An English translation of the 
Lunae Theoria was issued at London a few weeks later, in 
August, 1703; it was reprinted hy John Hairis in his L&dcoH 
Technieum, 1704, and in the Miscdlmiea Ciiriosa, London, 
1705 (edition 1708, vol i. p. 268). Gregory's visit to Cam- 
bridge in 1701, for which he prepared his memoranda of "M^y "1 
seems to have been largely due to 1 des re to con It Xewton 
on various points in tl e p eparat on of th hook 

David Gregory d ed u Octu1 er I }*< 1 t the daa of 
asking him to edit the econd ed t o (tee enterta 1) 1 ad 
been by that time aba loned for ve 1 a e a 1 tter* from 
Eentley, dated June K of tl at yei f om Tth h t appears tl at 
Newton had then, a^ eed to illo v Bentley to act as el toi and 
had given him a co ccted coij of tl e l^o I f om wh h to 
work. Bentley ha 1 even begi n to pr t and 1 ad bougl t the 
necessary paper ; t t for some reason of wh ch we no v know 
nothing, abandonel tie vorl — ^ossbly beca se la founl 
the task involved a ^re t r kn wlel^e of matl emat s tha 1 e 



Eentley, having en uj tl e wo k himself approae! ed 
Cotes, and obtained 1 conae t to act as ed tor to which 
arrangement Newton ag ee 1 at an nt v ew t w tl Bentlev o 
May 31, 1709. Newton asked that C te ho Id call on 1 m 
in London, when he sa 1 1 e would at on e banl o e n e ja t 
of the book corrected fo p es Cotes c lied lut Ise-nton 
seems to have been luotant to pa fc v th h s co e tel c p to 
which he wanted to male some fu the all tons 1 oweve 
in the middle of July he told Cotes tliat lie would send it in 
another fortnight, As it did not arrive, Cotes wrote on Aug, 

* Brawfltar, vol. n. pp. 188-190. 
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1^ to jemiml Xewton of his promi&e Finally, probably 
towaids thp Ln 1 of Soptembei, a revised copy of the first 330 
piges Tvas sent to Cotfs bj "Win ton 

By April 15 1710 al nut h^lf the woik (pp, 1-234 of tlie 
second edition) wis piiiitedj but all «ave one letter of the 
coireifpoiideiice of this time concerning it is lost. The bulk of 
the subsequent i,on cspondenco botwei,n Newton, CoteSj and 
Bentley rehting to the work is extmt nd a p inted m 
the volume to which I have so often j, a -of n es Th 
iihole stor> is t Id theie with a fuln i d t 1 wh h 

rendi-rs it unnei,t sar\ for me to do m tha I th d r 
to it 

It will be 'sufficient perhaps to say th t N wt wh t 
tirot hid been omr^vhat indifferent, t In Uy b ml ly 
mtacsted m the work, and wioto "aim t y P ^i ^ t t ' 
The printing of the lattei half of the b k w th 1 w 1 
it was not finally issued till July, 1713. The whole of the 
wood-blocks were cut afresh for it. It would seem that the 
price t of a copy in q^uires (unbound) was 15s. ; while that of a 
copy bound t varied from ISs, (the sum paid by Flamsteed) 
to 31s, (the sum mentioned hy Ch. Morgan) ; probably the 
number§ of copies struck off was 750, of which 200 were sent 
to France and Holland, "though, at great abatement." The 
whole profits of the edition wore taken by Bentley, who 
had a keen eye for business in the matter ; apparently Cotes 
reo ' d n mun ration for his work except 12 copies of the 
Tjo 1 hi n the cost of some corrections (in a revise of a 
littl m e tl sheet, which necessitated its being re-set) 

was h^ir^ d t NewtonH. In fact, Eentley, though doubt- 
les anx o is that the work should be published, treated the 

* See below, chapter Tiii., C, pp. 174-1'?5. 

t Letter from Bentlej to Newton, Jaly 1, 1713, quoted bj Brewster, 
Tol. ii. p. 194. 

J Ootee Correspondence, p. lo9, note, 
§ Ibid, Letter Issi. 
II Ibid, Letter Isviii. 
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publicatioa as a oommereial speculation * o£ his own ; and he 
even went so far aa (unknown, to Newton and Halloy) to alter 
the verses which the latter had prefixed to the flrat edition — an 
action quite indefensible. The most important of the changes 
introduced into the second edition haye been aheady mentioned 
(see abovCj p. 74). 

The history of the preparation of the third edition may he 
treated very briefly. Some (perhaps all) of Newton's manu- 
script corrections of the second edition, and additions to it, are 
in the Portsmouth Collection ; and if a critical edition of the 
text of the Prindpia should he in the future issued, they will 
no doubt be there deaccibed. 

In 1724 these materials were put into the hands of Henry 
Pemberton, with a view to the issue of a third edition. 
Newton himself was then over eighty years of age, and he 
left the revision largely to Pemberton. At the same time he 
seems to have answered all the questions directly addressed to 
him. Pemberton f speaks both of personal interviews and of 
letters passing between them. Of the former no record exists ; 
of the latter, twenty-three letters from Pemberton to Newton — 
of which those that are dated are between February, 1724, and 
February, 1726 — and seven sheets of ijueries by Pemberton, all 
relating to the preparation of the third edition of &e, Prindpia, 
are in the Portsmouth Collection^. Unfortunately Newton's 
repKcs are lostg, but the letters are interesting even as they 
stand, and if Newton's complete scieatifio correspondence 
should be ever published, I hope these letters may be added 
to it, New blocks were again cut for all the diagrams. 

* Coaduitt says lie asked Jfewtoii "how lie came to let Bentley 
print his Friiu^ia, which, he did not iindBratand — ' Why,' said he, ' he 
was oovetons, and I let him do it to get money.' "— Conduitt's MS., 
qnoted by Brewster, vol. i. p. 274. 

t Preface to Pembertoa's Vism nf N^utou's Philosophy, London, 
1728. 

* Section vi. division sii. 
§ See below, p, 175. 
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I F b 


"\I h 1 th th I i t on was issued, 


tl p f 


bj N t a ted T 1 in which he 


m t m 


f th Id tl m t portant of these 


1 1 h 


dy m t d ( h p "i). The verses 


by H U y w 


t d aim t t th "inal form, and 


th him 


fl was wifct P haps I should 


dd tl t N 


t t P be t t h d d guineas as an 


t 1 Igm 


t ( h t b! the work, and 


11 w d h m t 


t k th p fits f tl d t 


Th f 1! 


d t f th mj I t P cipia have been 


d { ) T> mid Lo d 1686. (ii) The 


d dt 


Uted by E C t Lo d 1713. (iii) Ee- 


p t f th 


1 dt Am t 1 m 17H (iv) Another 


p t f th 


Id th tl d 1 t of some tracts, 



Am t i m 1 3 ( ) rk th 1 U edited by H. 

Ibt Ld 1 ()Ilptfthe third edition, 

with a commentary by T. Le Seur and F. Jacijuier, and a list 
of errata, 3 volntnes, Geneva, 1739-40-i2. (vii) The same 
reprinted, 3 volumes, Colonia Allobrognm (i.e. Geneva), 1760. 
(viii) The third edition, with a commentary and notes by. 
J. Teasanek, Prague, 2 volumes, 1780-85. (ix) The third 
edition reprinted in S. Horsley's edition of Hewton's collected 
works, vol. ii., 1779, and vol. iii., 1782. (x) The third 
edition, with errors corrected by J. M. F, Wright, Glasgow, 
i volumes, 1822. (xi) Keprint of the third edition fay Sir 
Wm. Thomson and H. Blackburn, Glasgow, 1871. 

Besides the above, the following editions of an English 
translation by A. Motte have been issued : (i) Motte's original 
edition, London, 2 volumes, 1729. (ii) Second edition of the 
above, together with a translation of the System of the World 
(which had been published in 1728) and addenda, edited by 
"W. Davis, London, 3 volumes, 1803. (iti) Third edition of 
both the above, said to be revised, and with a life of Newton by 
F. W. Chittenden, New York, 1846 (or perhaps 1848). (iv) 
Reissue of this third edition, unaltered sa^'e for a new title- 
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page, Kew York, 1850 lie aho e tui Iitmn ^p i d liteial 
to be altogether aatisfactoij 

A French transhtion of the thud elition of the P }ia 
with a commentary ittii) uted tn the Marq^ui'ie Du 01 a&tellet 
tut belieYed to have been inspired bj Cliiraut wi'i published 
in 2 Yolumos, Paris, 17 9 

A Gorman translat on of the third edit un editt I } y J P 
Wolfers, and with in appendiv on similar ind moie ri-cent 
investigations, was publi&hel at Ei,rl n in 1872 

An immense numbei of i,on mentai ea hv, e apj eared on the 
Frincvpia or on pait? of it hit it ■« uld be lifficult anl 
would serve no usef il purpose to compile ^ hit of th e 
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CHAPTER Vlll, 
APPENDICES. 

The following documents and memoranda are printed as 
appendices to the foregoing essay. 

A. Goii'espondertce hetwe&n Eooke and Kcivfoit, 1G79-I680, 
and Mmaoranda relating thereto. 

1. Hoolce to ITewton, Nov. 24, 1679. 

2. Newton to Hooke, Nov. 28, 1679. 

3. [Hooke to Newton, Dec. 9, 1679.] 

4. [Newton to Hooke, Dec. — , 1679.] 

5. Hooke to Newton, Jan. 6, 1680. 

6. Hooke to Newton, Jan. 17, 1680. 

7. Newton to Hooke, Dec. 3, 1680. 

8. Hooke's comraents on this e 



B. CotreiqMTulence between HaMeij and Newton, 1686-1687. 

1. Halley to Newton, May 22, 1686. 

2. Newton to Halley, May 27, 1686. 

3. Halley to Newton, June 7, 1686. 

4. Newton to Halley, Jnno 20, 1686. 

5. Halley to Newton, June 29, 1680. 

6. Newton to Halley, July 14, 1686. 

7. Newton to Halley, July 27, 1686. 

8. [Sewton to Halley, Aug. 20, 1686,] 
B. Halley to Newton, Oct. 14, 1686. 

10. Newtoa to Halley, Oct. 18, 1686. 
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11. iTewton to Ilalley, Feb. 18, 1637. 

12. Halley to Kewton, Feb. 24, 1687. 

13. Newton to Halley, Mavoh 1, 1687. 

14. IlaUey to Newton, March 7, 1687. 

15. Halley to ^wton, March 14, 1687. 

16. Halley to Newton, AprU 5, 1687. 

17. HaUey to Newton, July 5, 1687. 

C. Meinorandn on the eorrespmidence conaeming the pro- 
duction of the second edition of the PHnoipia. 

D. Memoranda on the correspondence concerning the irro- 
dtieUon of the third edition of the Principia. 



A. CORRBSPONDHNCB BETWEEN HOOKE AND NbwTON, 1679- 

1680, AND Memorasba belatisg tiiebeto. 

Of the letters here ^iven, tlio^e numbered 1, o aic I'opieii 
from the rough diafts m Hookes handwriting, and those 
numbered 2, 6 aio fiom the oiiglnals, these (together with 
Hooke's comment', which are numbeied 8) are m the Library 
of Trinity College, Gambiidge The quotation fiom the letter 
numbered 7 is taL^n from the Coie G^in ; rrul iicp, Appendix, 
number XMii The letters iinmbi,iel 3 and 4 aio known to 
have been written, but they hai e nevei been published, and it 
is possible that no opies of them are now extant In punting, 
these documents I ha\e divided them into piragraphs, sys- 
tematised the use of capitals, added punctuation, and in a few 
ciwes have wiitten contractions at lensjth 

A 1 Hoole to Neiiinn, Nli 24, li7') 

SlK, 

riQdiag by our registers that joa mere pledgsd, to correspond with. 
Mr. Oldenburg, aad bavicg also had the happiness of receiving soma 
letters from jou my self malte me presume to trouble you with this 
present aoribble^Dr. Gcew'3 more urgent occaaiona having made him 
decline the holding CDCcespocdoace. And the Society hath devolved it 
on me. I hope therefore that yon wi'.l please to continue your former 
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faTOOta to the Sooiatj- by eommuniuatiEg what ahall occur to you. that 
ia philosophioall, and for rctnrne I ahall be sufe to Bcqnaint you with, 
what ■we ahall raoelve conaiderable from othar pirba or fiod out naw 
ihere. And joq may bo assured that whatepec ahall bo soe comniaQi- 
cated shall ha noe otherwise Eiirthec imparted or disposed of than you 
joursGlf shall pcaesoribe. I am not ignorant that both taretofore, and 
not long since also, there have been soma who have indeavoured to 
misrepresent me to jou, and possibly they ov others have not been 
wanting to doe the like to me, but difference in opinion if snob there 
be {especially in philosophioall matters where interest hath little oon- 
cerne) me thinks should not bo the occasion of enmity— 'tia not with me 
I am sure. For my part I shall take it as a great favour if you shall 
please to commnnioate hy latter your objections against any hypothesis 
or opinion of mine ; and partionlarly if you will let me know your 
thoughts of that of compounding the oalestiall motions of the planetts 
of a direot motion by the tangent and an attractiia motion towards the 
centvaU. hody, or what objections you have a^aiust my hypothesis of 
the lawes or cans a a of apriogynessa. 

I have lately recaired from Paris a new hypothesis invented by JIo'' 
Mallement de MessangeB, D' of the Sorbon, who deairos muoh to have 
what caoi be objected against it. Ha snpposea then a center of thia 
our vortes about whioh all the primary planets move iu perfect cicolee, 
each of them in his own aequall spaces in aeqiiall times. The next to it 
be places the Sun ; and about the Sun, Mercury as a satellit ; the next 
Tonus ! the nest the earth, about which the Moon as a satellit j then 
Mars; then Jupiter and hie satellits; and Saturn with his. He supposes 
the Sun to mate ita revolution in about half the time the earth makes 
its, and the plaiae of it to be inclined to the plaine of the eoliptiok as 
much as the trepidation requires. He is not pveciae in defining any 
thing, as reserving a liberty to himself to help him out where objections 
might stick. 

I am informed likewise from Paris that th y re th b t 

another work, vii.' of setling the longitude adl tl Ethmt 
considerable places : the former of those by th 1 {. E tl lit 

of Jupiter. M' Picart and De la Hire travell d M G d 

Eomer observe at Paris. They have already f d 1 t B t 
Britaigne is 18 leagues nearer Paris than all h m pp m k t I 
have written to a correspondent in Deavonsh t se f w d 

somewhat of that kind here, and I should hegldfbppd 1 
observations, we could determine the differe f 1 1 1 d betw 

London and Cambridga. If yon know of any th t 11 1 n 

at Cambridge, I will procure it to be done here y tl 
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M' Collioa ahewed me a boot he receire^ fcota Pacia of De la Hire 
contaimQg Srst a new metboil of the ooniok aeotiona anil secondly a 
troatisa De looia aolidia. I have not perused the book but M' Ooliiaa 
eommecds it. M' Flamstead by some late perpendicular observations 
hath oonfirmed the paralas; of tbe orb of the earth. 

But I fear I haye too much trespaasad, and therefore to put an end 
to yonr further trouble I shall anbscribo my self, Sir, 

Yoar TCry humble Servant, 

R. H. 
Gresham Colledge, Kov. 24, 1679. 

A. 2. Newton to Uoolie, Nov. 3S, 1579. 

S,IB, 

I oa t h t L wl Ig my IE y w y by tb k adneas of 
y Itttmitdt why d \h loaophieal 

pod Adh 1 yimhtlmt p-eseat un- 

f hd hmtt wbltj ptt — ffoc I have 

I hi tllfy Llh mbdwh conceras 

m "St my It 1 11 y t d y wh I tmdhhrjBo that 
Ih hd tm -taiphlphl It rso nmoh 

t td md ythglbt tyS And before 

htlhdt my Itb i ngtbl myself from 

ph 1 phj tofch d mhhfclh Ignr tched the 

mpt thttdy 1 tbphp tdlh sometimes 
for a diveraion ; which makes roe almost wholy unaoquaicted with what 
philosophers at London or abroad have of late been imployed about. 
And perhaps you will incline the more to beheve me when I tell yoa 
that I did not, before the receipt of your last letter, so much bm heare 
(that I remember) of yonr hypothesis of compoanding the eeleatial' 
motions of the planets, of a direct motion by the tangent to the curve, 
and of the laws and eauaea of apriDgyaeaa, though these no doabt are 
well known to the philoaophioal world, And having thua shook hands 
with philoaophy and being also at present taken of with other business, 
I hope it will not be interpreted out of any nnkinanesa to you or the 
R. Society that I am backward in engaging my solf in these matters, 
though formerly I mnst acknowledge I waa moved by other reasons to 
decline, as much aa M' Oldenhnrg's importunity and ways to engage 
me in disputes would permit, all oorreapondenoe with him about them. 
However I oannot but return my hearty thanks for jour thinking me 
worthy of ao noble a commerce and in order thereto francly imparting- 
to me several things in your letter. 
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Aa to the liypotliBsis of JIous' Mallejaent, thongh. it should not be 
irne yet if it would aaawer to phaenotneoa it would be very valuable by 
reaeon of ite simplioity. But how tlie otbita of all the primary planets 
but Mercury can be reduced to bo many oonoentric circles through each 
of which the planet moves equal spaces in er(iial times (for that's the 
hypothesis if I mistake not your lesciiption) I do not jet undecstaud. 
The readiest way to conviiice the world of this truth would ho I con- 
ceive to sot forth first in some two ot the planets s ipposo llara and the 
earth, a specimen thereof stated and dBtermiQcd in numbers. 

I know no body in the Ouiversity addicted to miking astronomical 
observations ; and my own short sightedueBS ■»! d tenderness of health 
makes me something unfit. Yet it s liLeli I may sometime this winter 
e more leisure than at piesent attempt what you propound 
ning tlie difference of iatit ile between Cambridge and 



for determi 
London. 



I am glad to hear that so considerable a dioco 
the eartli's annual parallax is seconded by M Fl n 

la requital of this advertisement I sh 11 
fauoy of my own about diacoYoring the e tl 
ordei theieto I will coii'!id''i rhp eaith's dii 1 



a you mado of 




the annual, that having little infloence on the experiment I shall here 
propoTOid. Suppose then BD& representa the globe of the earth 
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carried rovrad onoe a day about its center C from west to east aecordiog 
to the or^ar of the Isttera BDG ; and lot 4 be a heavy body auapended 
in the air, and moving round with the eartb so as perpetually to hang 
over the same point thereof B, Then imagine this body A [the MS. 
has B, whioh is obviously a slip] let fall, and its gravity will give it a new 
motion towards the center of the earth without diminishing the old one 
from west to east. Whence the motion of this body from west to east, 
hj reason that before it fell it was more distant from the oenter of the 
earth than the parts of the earth at whioh it arrives in its fall, will be 
greater than the motion from west to east of the parts of the earth at 
which the body arrirea in its fall ; and therefore it will not descend the 
perpendicular AC, but outranning the parts of the earth will shoot 
forward to the east side of the perpendionlar describing in its fall a 
spiral line ADEC, quite contrary to the opinion of the vnlga,v who 
think that, if the earth moved, heavy bodiBB in falling would bo outrun 
by ita pacta and fall on the west side of the parpondiciilar. The advance 
of the body fcom the perpendicular eastward will in a descent of but 
ao or SO yards be very small, and yet I am apt to think it may be enongh 
to determine the matter of fact. Snppoae then in a vorj oalm day a 
pistol bullet were let down by a ailk line from the top of a high building 
or well, the line going through a small hole made in a plate of braea or 
tinn faatened to the top of the building or well, and that the bullet when 
let down almost to the bottom, were setled in water so as to cease from 
swinging, and then let down further on an edge of steel lying north 
and south to try if the bullet in setUng thereon will almost stand in 
aequilibrio but yet with some amali propensity (the smaller the better) 
decline to the west aide of the steel as often as it is so let down thereon. 
The Bteel being ao placed underneath, suppose tbe bullet be then drawn 
np to the top and let fall by cutting clipping or burning the line of sillt, 
and if it fall constantly on the east side of the steel it will argue the 
diurnall motion of the earth. But what the event will be I know not, 
having never attempted to try it. If any body would think this worth 
their trial, the best way in my opinion would be to try it in a high 
church or wide steeple, the windows being first well stopped; for in a 
narrow well the bullet poaaibly may be apt to receive a ply from the 
straitened air neare the sidea of the well, if in ita fall it come nearer to 
one side than to another. It would be convenient alao that the water 
into whioh the bnllet falls be a yard or two deep or more, partly that 
the bullet may fall more gently on the Steal, partly that the motion 
which it has from west to east at ita entering into the water may by 
meaaes ot the longer time of deaoent through the water, carry it on 
further eoetwiLrd and so make the experiment more manifest. 
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If I were uofc no unhappy aa to be uuacquainted with your hypothesis 
aboTementlonod (aa I am with almost all things which have of late been 
done or attempted in philosophy) I ahould so far comply with your 
desire aa to send you what objectiona I could think of ag ainafc them, if 
I could think of any. And on the other ha.nd I oould with pleasure 
heare and answer any objections made against any notions of mine in 
a transient dieconrsa for a divertismeat. But yet my affection to 
philosophy being worn oat, so that I am almost as little concerned 
about it as one tradesman uses to be about another man's trade or & 
country man about learning, I must acknowledge oiy self ayera from 
spending that time in writing about it which I think I can spend other- 
wise more to my own content and the good of others ; and I hope 
neither you nor any body els will blame me tor this arersness. To let 
you see that it is not out of any shyness, raservedness, or distrust that 
I have of late and stiE do decline phi [loaophi] call commerce but only out 
of my applying my self to other things, I have oommunioated to you 
the notion above set down (suoh a^ it is) oouoerning the descent of 
heavy bo^es for proring the motion of Ihe eaitb ; and shall be as ready 
to communicate in oral discourse anything I know, if it shall ever be 
my happiness to have familiar oonvers frequently with you. And 
possibly if any thing uaefu.il to mankind occurs to me I may sometimes 
impart it to you by letter. So wishing you all happiness and aucceas in 
your endeavours, I rest, 

Sir, 
Your humble Servant 

to command 

Is. Newton. 

Hr. Oook has oaat two pleoea at metal for me in order to a farther 
attempt about the reSeoting tube which I was the last year inclined to 
by the instigation of acme of our tfellows. IE I do any thing yon 
may espeot to hear from me. But I doubt the tool on which they were 
to be ground, being in the keeping of one lately deceased who was to 
have wrought the metals, is lost. 



Sniofsed. For his ever Hon^ ffriond M' Robert Hook at his Lodgings 
in Gresham College in London, 

The above is copied from ^^ewtoa's original holograph 
letter. Across the beginning of it Hooke has written " Hooke's 
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"liypothesis here hinted at," and before the last paragraph he 
has inserted the words "he here pretends he knew not H's 
" hypothesis." 

The letter was re^d to the Koja! Society at th-eii- meeting 
on Deo. 4, 1679, as pp ty th f 11 wmg minute : 

Mr, Hooke profl d d d 1 tte f Mr. Newton to himself, 
dated aSth Noyemb 1679 t li sentiments of Mone. 

Mallemont'a new hyp thes f th h and also suggesting an 

experiment, whereby t wh th th ea th moves with a diurnal 
motion OT not, viz. by th f 11 g f b dy f ni a considerable hight, 
which, he alledged, m t f 11 t th t d of the perpendicular, it 
the eaith moTefl. 

This pcopQBal of M N t wa 1 ghly j proved of by the Society ; 
and itwaa desired, that it mit;ht be tiied as soon as <:au.ld he with 

Sic Christopher Wren supposed, that there might be aomething of 
this kind tried by shooting a bullet upwards ata certain angle from the 
perpendicular round every way, thereby to see whether the bullets so 
shot would all fall in a perfect circle round the place, where the barrell 
was placed. This barrell he desired might be fised in a frame upon a 
plain foot, and that foot placed upon a true plain every way, and the 
month of the gun be almost iu the same point over the plain which 
way soever shot. 

Mr. Flamstead hereupon alledged, that it was an observation of the 
gunners, that to make a bail fall into the month of the pieoe, it must be 
ehot at eighty-seven degrees; and that he knew the reason thereof; 
and that it agreed with his theory : and that a ball shot perpendicularly 
would never fall perpendicularly : and he mentioned the recoiling of a 
perpendicular jet of waters. But this was conceived to arise from aomo 
mistaJie of the gunners, in not well taking notice of all circumstances ; 
since a body shot perpendicularly would also descend perpendicularly ; 
and a body shot at eighty-seven degrees would fall considerably distant 
from the place where it was shot. (Birch, History of the Royal Sodety 
D/Loadow, IiondoD, 1757, vol. iii. pp. 5L2-513.) 

A. 3. Hooke to Kewton, Bee. 9, 1679. 

Hooke replied on Dec. 9, 1679, to H^ewton's letter of 
Nov. 28, 1679. This reply is lost, though a quotation from it 

is printed helow (see p. l^^). It was, however, read to the 



y Google 



Royal Society at their meeting on Uoc. 11, 1679, for in tlieir 
minutes it is stated that 

Upon the mentioning- of ITr, Newton's letter, and the experiraent 
proposal in it, Mr, Hooka read his answer to him upon tbat anbjBGt, 
wherein ha explained what the line described by a felling body mnst 
be supposed to be, moved cirenlariy by the dinrual motion of the earth, 
and perpendicularly by the power of gravity r and he shewed, that it 
wonld not be a spiral line, aa Mr. Newton seemed to enppose, but an 
escentrical elliptoid [sic], sopposLog no resiatanoe in the madiutn ; hnt 
supposing a resistance, it wonld ba an escentric ellipti-epical, which, 
after many revolutions, wonld rest at last in the centre ; that the fall 
of the heavy body wonld not be directly east, as Mr, Newton supposed ; 
but to the south-east, and mora to the south than the eaat. It was 
desired, that what was tryable in this experiment might be done with 
the Erst opportvmity. (Bicoh, vol. iii. p. S16.) 

A. i. Noidon io Ilooke, Dec. — , 1C79. 
"VVa know from Hooke's letter of Jan. <!, 1680 (A. 5), and 
from Newton's letter of June 20, 1686 (B. 4), as well as from 
the minutes of the Eoyal Society, that Keivton replied to 
Hoote's letter of Dec. 9, for at the meeting of the Society 
on Dee. IS, 

Mr. Hooke road his answer to Mr. NewDon's former letter ; as also 
■mother letter which he h-id received from Mr, Newton, containing his 
th th ^ht d m at f h t haci been proponnded by 

"M H k 

M H k 1 CO i th t he hal m d th t 1 f 

th p m t p p d d by M N wto d had f d th b II 
y f th sa d p m f II th th t f th 

pped 1 p tf dbyth m bUha^gpind la 
Btthdt ftfnith]pdil p tb tlwy 

h m Itl p thyigb mad w th t 1 th 

p h f ty Id I olddfmtBth 

Udedfhthdfcd mk Ifwthd wh 

there, wonld be lass motion of the air ; and he hoped to be able to do it 
before the nest meeting of the Society. (Birch, vol, iii. p. 519.) 

Unfortunately this reply from. Sewton is lost, and I Icnoiv 
nothing of its content?, except so far as they may he inferred 
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from the letter next given (A. 5), and. from the letter of 
May 27, 1686 (E. 2), 

A. 6. Ilooke to Newton, Jan. 6, 1680. 

SiK, 

Yonr oalonlation of the onwe desotibed by a. body attracfed by 
an aequalL power at all distcuicea from tbe center, Eucb as tbat of a 
ball lollliig in an iaverted concave cone, is right, and the two auges will 
not unite by about a third of a revolntion ; bat my supposition is that 
the attraction always is in doplioftte proportion to the distance from 
the oenter reciprooall, and conseqnently that the velooitj- will be in a 
subduplioate [proportion] to the attraction, and oonaequeatly aa Kepler 
Buppoees reciprooall to the distanoe ; aud that with snch an attraction 
the anges will unite in the same part of the circle, and that the nearest 
point of the aocessB to the center will be opposite to the fnrtheet 
distant, which I 1 th y t 11 g bij d ly m k t U 

the appearance f th h ns A 1 th £ ( h h t th I 

agree with yo th t th pi t g th wh h b dy 

doBoending to tl t f th h w Id m y t w 

specnlation of y ) th fi 1 g t th p p ty f 

made by two hp plwUbfeat tmkd 

beoanse the in t f th 1 g t d by tl h y 

consequenoe of it, for the compoaition of two such motional conceive will 
make out that of the moon, What I mentioned ia iny laat concerning 
the deaoent within the body of the earth was but npon the snpposall of 
euoh an attraction, not that I really believe there ia such aa attraction 
to the very center of the earth, but on the contrary I rather conceive 
that the more the body approaches the center the lease will it be urged 
by the attraction, poBsihly somewhat lite the graTitation on a pendulnm 
or a body moved in a concave sphere where the power continually 
decreases the nearer the body inolinoa to a horizontal motion which it 
hath when perpendicnlar under the point of suapension or in the 
lowest point, and there the angea are almost opposite, and the nearest 
approach to the oenter is at about a quarter of a revolution. But in 
the celeetiall motiona the sun, earth, or contrail body are the cause of 
the attraction, and though they cannot be supposed mathematioall 
points yet they may be conceived aa phygicall, and the attraction at a 
considerable distanoa may be computed according to the former pro- 
portion as from the very oenter. This curve truly calculated will 
shew the error oE those many lame shifts made nse of by afitronomera 
tc approach the true motions of the planeta with their tables. But of 
this more hereafter. 
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In tlie mean time I must acquaint 70a that I liare (nith as mnoli oara 
as I oonld) made 3 tryalla of tlia experiment of ths falling body, ia 
ever; of which the ball fell towards the south-east of the perpendioalar, 
and that yery considerably, the least being above a quarterof aninch, but 
because they were not all the same I knov; not which waa true. What 
th© reaaon of the variation was I know not, whether the uneq^uail 
spherioall fignre of the Iron ball, or the motion of tbe air, for they were 
made without doora, or the insensible vibration of the ball suspended 
byhtheadbf twa t Btt\ j, y H pmt 

I h 11 1 1 1 1 f I h m d - - - 

wh hi 11 dy t If 

11 th n. 1 t 1 

I dj w U f UB q w 1 ht 

q t 11 th I m t > g 

h f h b ly f m th t th 1 w 



a ui f A d th! 

th th b d -a 11 t tt gh I 

IpdBtthtl ytlly mwh fl tM 

H 11 y wL h t 1 f m S H 1 Id th h pe d 

1 m t th p f th 1 11 w t I th t h b tt m wh h h 

waa much surprised at, and oould not imagine a reason. But I presently 
told him that he had solved me a query I had long desired to be 
answered but wanted opportunity, and that was to know whether the 
gravity did actually decrease at a gceater height from ths center. To 
examine this decrease of attraction I have formerly made many 
esperimenta on Paule's steeple and Westminster Abby, but none that 
were fnlly satisfactory. This will spoyle the universall standard by 
the pendulum and the equality of pendulum clocks carryed from oue 
climate to another. And many other ooasBquences will follow which 
would be too long to trouble you with at present, of which I long since 
gave the Society an account in writing npon the suppoaall of the 
decrease of gravity and ths increase of the circular motion. 
Noe more but that I am, 
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lir, Your most humble H< 



At the meeting of the Eojal Society on Jan. 8, 16S0, 
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Hooka road the above letter, as appears from the following 
minute : 

Mr. Hoofee read auothec letter of hia to Mr. Newton coiicemiag 
soma farther acoonat of his tlieocy of oiroalac motion and attraction j as 
also aeveral obaervations and dednotiona from ttat theory; as 1. That 
pendnlam clocks muat vary their velocity in several elimatoa. 2, That 
this yariation must also happon at different hights in the same olimate : 
which last remark he confirmed by an observation of Mr. Ilalley at St. 
Helena; and 3. as a consequeoce of these, that a pendalum was unfit 
for an nniversal standard of measure. (Bicoh, vol. iv. p. 1.) 

At the sauiQ meeting Hooke 

Was desired to make hia trials as soon a? possible ot Mr. Nawtou'a 
esperiment eonooming the earth's diurnal motion. (Birch, vol, iv. 
p. 2.) 

A. 6. Hoo7ce to Nexnton, Jan 17, 1680. 
Sib, 

I gave you an account by my last of ths 6"' inatani that by the 
tryalls I haA made without doors yonr esperiment suooeedad very well. 
I can now assure you that by two tryalla since made in two severall 
places within doora it sucoeeded also. Soe that 1 am now persuaded 
the experiment is very certaine, and that it wili prove a demonstration 
of the diurnaH motion of the earth as you have very happily intimated. 
It now remaines to know the proprietya of a curve line (not circular 
nor concentricall) made by a oentraU attractive power which makes 
the velocitys of deaocnt from the tangent line or equal! straight motion 
at all diatanooa in a duplicate proportion to the distances rectprooally 
taken. I doubt not that by your eiOoUont method you will easily find 
out what that curve must be, and its propriotyB, and auggoat a physioall 
reason of this proportion. If you have had any time to consider of 
this matter, a word or two of your thoughts of it will be very gratefull 
to the Society (where it has been debated) And mors particularly to, 



Per my much Hon"' freind M' Isaac Newton 
Chamber in Trinity Colledge ii 
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On these experiments we read tbat at the meeting of tko 
3loyal Society on Jan. 22, 1680, 

Mr. Hooka aliewed the ball, that had been let fall from tlie hight of 
27 feet, and fell into a bos fall of tobacco pipe-olay, sticking in the 
olaj-, upon the surface of which were made lines oroaeing each other: 
which shewed the true perpendionlav point indicated by the ball, when 
it hung suspended by a thread from the top, an.d how much the ball had 
varied from that perpendicular in its descent towards the South and 
East: and he esplained the maoner, how the same was perfocnied ia 
all particulars. It was desired, that this experimenE might be made 
before a nnmber of the Society, who might be witnesses of it before the 
next meeting. The time appeinled was the Monday following at three 
in the aflernooii. (Birch, vol. iv. p. 5.) 

The result of these experiments agrees with theory, bat the 
effect is so small, and the difficulty of making the experiment 
so considerahle, that the coincidence may have hecn partly due 
to luck. 

A. 7. Newton to Rooko, Dm. 3, 1680. 

On Dec. 3, 1680, at the end of a letter to Hooli;e on 
another subject, Hewton says : 

For the trials you made of an esperiment suggested by me about 
falling bodies, I atn indebted to you thanks, which I thought to have 
retnrnod by word of mouth, but not having yet the opportunity must 
be ODntent to do it by letter, (The Cotes CmrBspoJiiJeiice, p. 264.) 

A. 8, Hooke'a Comments on the above Correspondence, 

Hooke claimed that the above letters from him, together 
with some earlier memoirs, suggested to ITewton the idea of 
centripetal forces varying as the inverse square of the distance, 
Newton indignantly denied this, and his opinion on the 
subject is given in his letters of May 27 and of June 20, 1686, 
printed below as B. 2 and B. i. The following is taken from a 
maniisoxipt which (I believe) is in Hooke's handwriting, wherein 
he states his view and the evidence for it. The manuscript is 
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not dated, aad probal)ly it was written later than 1686. 
Newton was not knighted till 1705, hut the use of the prefix 
" Sir," though unusual, is not unprecaiJented. 

A Ti"ae state of the Case and Oontrnversy beticeen 8' Isaak Ueiuioii 
<Hi3 Dr. Sobei-t Hooke as to the FHority of that Nolle Hypoihesis of 
Motion of the IHanets about tJu, su« as their Oer tre 

I. In tlie jeai lbG6 Hay the 23' there was lead a paper of 
M' H's explicating the inflection of a direct motion into a curve by a 
saperToning atti ictire priuoiple The diacouiee oontiined ttierein is an 
iatvodnctiou to an esperiment to shew that circular motion is com- 
pounded of an nndeavonr 1 y a diroot motion by the tangent and of 
another indeavtut tend ng to the centto To whioh purpoae there Traa 
fastened to the roofa a ppndule w tli i Ligni ^ itd,e bill on ita end ; 
and it was found that if the impat s of the andeavour by the tangent 
at the first setting out waa stcongei than the endaavonr to tie centre 
there wia generated such an eilipticill motion whose longest diamater 
was parallel to the direot iodeavonc of the body at the firat Jmpnlse, if 
both were equall there was made a perfect cironlac motion. There was 
also mado another esperiment by fasteuiag another pendulous body by a 
short string on the lower part of the wire by which the greater weight 
waa p d d th t t m h f I m 1 I II pt 1 m 

d th I g wh 1 t h b gg m 1 1 ly II pt Uj 

bthfit t Th tt whJwt pith 
man fhm mt btth htpp vid tly 

th by th t th th i gg b U p t th h th 

1 wh h p t d th M w 1 p f t I 

11 p ia tb w th y w Id h bee f th h d b p ded 

or moved singly, but that a certain point which seemed to be the 
center of gravity of the two bodje (howsoever posited and considered 
as one) seemed to be regularly moved in such a oirole or ellipsis, the two 
balls having other pecul[i]ar motions in small epicycles about the said 

n. In the year 1674, he pnbliahfc his Attempt to xirove the Motion 
qftha Earth, where, at page 27, he says thus; "I shall only hint for the 
present that I have in some of my foregoing observations discovered 
some new motions even in the earth it aelfe, whioh perhaps were not 
dreamt of before, whieh I shall hereafter more at large describe whan 
farther tryalls have more fully confirmed and compleated these 
beginnings. At which time also I shall esplain a system of the world 
differing in many particulars from any yet known, answering in iill 
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tbitigs to tbe cootmoa tales of mechanicall motions. Tbis depeude 
upon tbree supposition a. I'irat', that all eelestiall bodya vfhatavBr bave 
an attraction or a gravitating power towards their own centers 
whereby they attract not only their owa parts, and keep them from 
flying from tham, as we may obsecre the earth to do, but that they do 
also attract all the other coelestial bodys that are within the sphere of 
their aotivity ; aod oonseijuently that not only the sun and moon have aa 
iuflnenoe po tb b d; A motion of the earth, and the oarth upon 
tJiem, but th t 1£ y Mara, Saturn, and Jnpifer by their attractive 
powers b d tl infiuenoe upon its motion, as in the same 

maaner th rr p di g attractive power of the earth hath a 
considerabi fl p n every one of their motioua also. The 

second pp t th , that all bodya wbatsoevev that are put 

into a di t d mpl motion will eo ooutjoue to move forward in a 
strait line, till they are by some other effectnall powers deflected 
and bent into a motion describing a circla, ellipsis, or some other more 
compounded curve line. The third supposition is that these attractive 
powers are So much tbe more powerEuil in operating by how mooh the 
nearer the body wrought upon is to their own centers. Now what 
theas severall degraea are I have not yet esperimentally verified ; but 
it ia a notion which, if fully proseonted aa it ought to be, will mightily 
aaeiet the astronomer to reduce all tbe celestial motiooa fo a oertain 
1 wh h I d b 11 b d w th t t H th t & 

t d tl tur f h !ar p d 1 d 1 m t w 1! 

]y d ta 1 th h 1 g d f th p pi d will I w 
wht it fbt ttgthft 

Thll pm h Itk bthwllfldllthgt 

m t tb w U t be fl d by th p pi 1 th t th 

true undeiatandi ig there. f will be the ttue perfection of ast omy. 

[Ill,] Nov. the 2ith, 1679, Dr. Hooke invited Newton to a friendly 
philoHophioall correspondence. In which letter there are theae worda : — 
for my own part I shall take it as a great favour if yon shall please to 
communicate the objections against any hypothesis or opifaijon of mine, 
particularly if you will lot me know your thoughta of that of com- 
pounding tbe eelestiall motions of the planets of a direct motion by the 
tangent and an attractive motion towards the oentrall body, etc. 

In answer to this Newton pretends be knew not Hooke's hypothesis, 
as by his answer to the former dated Nov. 38, 1679 ; and in the same 
letter says bis afiection to philosophical! atudys was quite worn out. 

Deo. 9, 1679, in a letter to Newton, Hook has these words upon 
account of an experiment about the falling of [a] ball f ram aconsiderable 
height ; — I could add many other considerations consonant to my 
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theory of circular motiona compounded by a direct motion, and an 
attractive one to the center, etc. 

Jan. 8, 16eS, Hook has these words : — la the celestial motioua tte 
Btm, earth, or oeatral body are the cause ot the attraction, and though 
they cannot be supposed mathematical points yet they may be 
supposed as physical, and the attraction at a considerable distance may 
be coiopnted according to the former proportion as from the center 
(chat is, as is before in the same letter, thus) my Bupposltioa is that 
the attraotion always is in a daplioate proportion to the distance from 
the ceater reoiprocall, and conaequently that the velocity will be in a 
anb- duplicate proportion to the attraction, eto. Note, in the same 
letter H, mentions the gravitation to be less under the aequicoctial, and 
oonseqnently the prolatod spheroid figure of the earth. 

In a letter from Hook, Jan. 17, 1679, are these words :— It now 
remains to know the proprietjs of a curve not circular nor ooneeatriCBll 
made by a oentrall attractive power which makes the velooitys of 
desoent from the tangent line or equall strait motion at all distances in 
a duplicate proportion to the distances reciprocally taken, etc. 



B, CoRRES 

1686-1687. 

Of the seventeen {or more) letters with, reference to the 
THnaipia which passed between Halley and Newton in 1686-7, 
sixteen are extant. The eight letters here nunihered 1, 4, 5, 6, 
7, 10, 11, 13 were printed by Eigaud in his essay. TIte seven 
letters numbered 3, 9, 12, 14, 15, 16, 17 were printed in 
Brewster's Lite of ]!?ewton. The letter numbered 2 is now 
printed (or the first time ; it is taken from a copy in Hooke's 
handwriting, which is preserved in the Library of Trinity 
College, Cambridge. The nine letters numbered 1, 3, 5, 9, 12, 
14, 15, 16, 17 are (save for a few corrections of punctuation) 
printed here in their original form as shown in the Portsmouth 
copies which have been collated with the originals. The 
remaining six' letters numbered 4, G, 7, 10, 11, 13 are 
reprinted from the worka of Eigaud and Brewster ; the originals 
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of those numbered 4, 10, 11, 13 are preserved in the atchivee 
oi the Eoyal Society. 

E. 1. Ihdleij to Nmton, May 22, 1686. 

Sib, 



May 2i 



Your innompacable treatise, intitiileii Ptilosnpliiae Natnralis 
Priuoipia Mattcmatioa, was by Dr. Tincent presented to the Royal 
Society on the 28th past; and they were ao very sensible of the great 
honour jon do them liy your dedication, tliat they immetliately ordered 
you their most hearty thanks, and that a cDuncell should be aummori'd to 
consider about the printing thereof; tut by reason of tho pceaidentE 
attendance upon the King, and the absence o£ our vioe-preaidents, 
whom the good weather had drawn out of town, there haa not since been 
any authentiok counoell to reBolve what to do in the matter ; so that on 
Wednesday last the Society, in their meeting, judging that ao OKoellent 
a work ought not to hare its publication any longer delayd, resolved to 
print it at theirown charge in a large quarto of a fair tre [i.e. letter]; and 
that this their resolution shoulcl be signified to you, and your opinion 
therein be desired, that bo it might be gone a^bont with all speod. I am 
intrnsted to look after the printing it, and will take oare that it shall 
be perfornied as well as possible, only I would first have yonr direotions 
in what you ahall think neoessary for the embellishing thereof, aad 
particularly whether you think it not better that the sohomea should be 
enlarged, which ia the cpini f ml I t wb t you signiGo as 

your desire shall be punctually b 1 

There is one thing mora th t I git t f m y u of, via. that 
llr. Hook haa aome pteien p h f j' rule of the 

deoreaae of gravity being re p lly th [ f the distances 

from the centre He says y had tb t f m 1 im, though he 
owns the demonstiation of th C g t d th by to be wholly 

your own How much of th so k w b t likewise what 

you have to do m this matt ly M H k m to expect you 

should make some mention f h p f 1 h it ia possible 

you may see leason, to piefis. I must beg youi pardon, that it is I that 
send jou this account; but I thought it my duty to let you know it, that 
soyoumay act accordingly; being in myself fully satisfied, that nothing 
but the greatest candour imaginable is to bo eipected from a person, 
who of all men has the least need to borrow reputation. 

When I shall have rsceiTed your direotioos, the printing shall be 
pushed on with all espedition, which therefore I entreat you to aoud me 
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Your most a2eotiocafe huiQble Serv'. 

Ed a. Halle V. 
Ta his hononred friend M' Istkoo Newton, 

ProfeflBor of Mathematiolts in y' UiUTerBiij' ot OamLridg. 



B. 2. Newtm to Ilalley, May 27, 1688. 

I thank yoii for what yon wri 
that a goad andera tan ding may bi 
your hunda there is not One propositioi 
I had DOe proper occasion of meutio 
where I state the aysteme of th vf 
now we are upon this busin I 

summe of wliat past betwee M H 
remembrance) was this. H II 
COmmnnicSitions or other I h 

onght by reason ot the earth 1 
aot fall to the west as the Ig 
wherein I explained this I 1 

falling body in a spirall to th 
resisting medium, such as o 
descend to the center but at t 

I then took the simplest ca, f mp t t wh h w th t f 

gravity uniform in a medium t t ^ — g h h d 1 d 

the limit from some coniput t If It 1 h d 1 d h 

simplest aaso first. And in his case I g a ted Tvh t h co te ded f . 
and stated the limit as nearly as I could. He replyed that grarity was 
not uniform bnt increased in descent to the center in a reoiprocall 
duplicate proportion of the distance from it, and thns the limit would be 
otherwise than I had stated it, namely, at the end of every ictire 
revolution, and added that according to this duplicate proportion the 
motions of the planets might 1)0 explained and their orbs defined. This is 
the summe of what I remember. If there was any thing more materiall 
or any thing otherwise I desire M' Hooke would help my memory. 
Farther that I remember about 9 years since Sir Christopher Wren, 
upon a visit D' Done and I gave him at his lodgings, discoursed of this 
problem of determining the planetary motions upon philosophicall 
principles. This was about a year or two before I received M" Hooke's 



concern 


ng M 


H 


Qke, for 


I desire 


ept betn 


een u 




In the papers in 


on to which he 


can 


pretend 


and sae 


ning hin 


there. 


In those behind 


13 I m 


t h 


m 


d tb 


B t 


1 


m y 




d t 


d Th 


k 


1 m 


( 


th b 


t ( my 


t g m 


f 




phi 


ph 11 


m th 

11m 
1 


' 


th 
4. 


t f 11 
b 


\ d 
d d 

b m 


ly des 


b d 


h 


d 


f th 


t th 


th 


wh h t 




M if 


k 


ply d w 


Id 


Im 


fc t 




pw 1 


g 



y Google 



156 APPfiKDICES. 

letters. You are acquaiiitad. witii Sir Chrifltophec. Pray knoir where 
and whenoe he ficst learnt the decrease of the foroe in a duplicate ratio 
of tte distance from the center. 

Sir, I am year moat affeotionate and humble servant, I. N. 

May 27, ieS6. 

B, 3. Ilalley to Neidon, June. 7, 168G. 

London, June 1, 168G. 
Sh, 

I here send you a proof of the first sheet of your Book, which 
me think to print on this paper, and in thia Character ; it you have any 
objection, it shall be flltared : and if yoa approve it, wee will pro- 
ceed 5 and care shall ba taken that it shall not be published before the 
end of MiohaeluiaBS term, since you deaire it, I h(^e yon will pleaae to 
bestow the eeoond part, or what remains of thia, upon uB as soon as you 
shall hare Siiiahed it, for the application of this Mathematical part to 
the aystem of the world, ia what will render it acoeptahle to all 
Naturaliata, as well aa Mathematicians ; and much advance the sale of 
;= book. Pray, pleaae to revise this proof, acd send it me np with 
yonr answer. I have already oorceoted it, but cannot say I have spied 
all the faults. When it haa past your eye, 1 doubt not hut it will be 
clear from errata. The printer begs yonr e!:ouse of the Diphthongs, 
which are of a character a little bigger, but he has some a coating of 
the just siae. Thia sheet being a proof ia not so clear aa it ought to be ; 
bnt the letter ia new, and I have seen a book of a very fair character, 
which was the last thing printed from thia set of letter ; so that I hope 
the Edition may in that particular be to yonr aatiBtaotion, I am, Sr, 
Your moat affectionate humble servt, 

E. Halley. 

Pleaae to aend by the coach, diroctcd to me, to be left with Mr, 
Hunt, at Greaham College. 
To his honoured Friend, 
Mr. IsiAO Newiok, 
at his Chamber in Tkinitv Coll. 

CilMliBIDQE. 

B. 4. Newton to Halleij, June 20, 1636. 

SiH, 

In order to let you know the case between Mr. Hooke and me, 
I gave yon an account of what passed between us in our letters, so far aa 
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I oonld remember ; tor 'tia long since they were writ, and I do not know 
that I have Bean them since. I am almost confident by oirenmstancea, 
tbat Sir Cbr. Wren knew the daplloate proportion when I gave him a 
visit i and then Mr. Hooka (by his book Cometa written aftecwardE) 
will prove the last o£ «s three that knew it. I intended in this letter 
to let yon understand the case fnlly ; but it being a fcivoloua buaineBK, 
I shall content myaelt to give yon the heads of it in short, via., that I 
never extended the duplicate proportion lower than to the superEcioa of 
the earth, and before a certain damonstcatioa I found the laat year, 
have snBpeoted it did not reach accurately enough down so low ; and 
therefore in. the doctrine of projoctilea never uaad it nor considered the 
motions of the heavens] and consequently Mr. Hooke ooold not from 
my letters, which were aboni projectiles and the regiona descending 
hence to the centre, conclude me ignorant, of the theory of the heavens. 
That what he told me of the dnplioata proportion was erroi 
namelyT that it reached down from hence to the centre of the earth. 
That it is not candid to require me now to confesa myself, in print, 
then ignorant of the duplicate proportion in the heavens ■ for no 






t t h h d my th gl-t f tb t k d b t m BO w 11 t th t 
time. Tbat by the same reason he conclud th g t f th 

rest of the duplicate proportion, he may aswll 1dm grat 

of the rest of that theory I had read befor h b L Th 
ot my papers writ (I oannot say in what y b t I m 

time before I had any carrespondenne with Mr. Oldenbu:^, and that's) 
above fifteen years ago, the proportion of the forces of the planets from 
the aun, reoiprooally duplicate of their distances from him, is espreaaed, 
and the proportion of our gravity to the moon's conatus recedendi a 
oentro terrae is calculated, though not accurately enough. That when 
Hugeniua put out his Horol. OsciL, a copy being presented to me, in 
my letter of thanks to him, I gave those rules in the end thereof a par- 
ticular commendation for their usefulness in Philosophy, and added out 
of my aforesaid paper an instance of their naefulneas, in comparing the 
forces of the moon from the earth, and earth from the sun ; in deter- 
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mining a pvoblem about the mooa'a phase, and 1 tt g 1 mit t tli 
sun's parallas, whieh atowa that I hacl theo m p top g 

Ibe forces of the planets ariaing ffom their oircul m t d T. 

stood it ; BO that a while after, when 3Ir. H k i i d d th 
problem solemnly, in the end of his Attempt t j th M t 

the Earth, if I had not known the duplicate pro; t If I Id 
not but have found it now. Batween ten and ele th w 

an hjpotheaia of mine registered in your boot, vrh I hi t d 

cauae of gravity towarda the earth, aun, and pi t w h tb d p 
deuce of the celestial motiona thereon ; in which th p p t f h 

decrease of grasity from tho auperficiea of th il t (h h f 
brevity's sake not there expreaaed) can be no I! h p lly 

duplicate of the diatanoe from the centre. And I h p I h 11 t 1 
uvgedtodeelaro,in priuc,thatl nnderatood not th b m th m t 1 

conditiona of my own hypotbesia. But grant I d ft w i 

from Mr. Hook©, yet have I as groat a right t t th 11 p 

For as Kepler knew the orb to be not oiroular b t 1 d 1 

to he elliptical, so Mr. Hooke, without knowing wh 1 1 h f d t 
aineo hia letters to me, can know no more, bat thai the proportion waa 
duplicate quam prosimil at great diatanoea from the centre, and only 
gueaaod it to be so aoourately, and gueeaed aroias in extending that pro- 
I>ortiou down to the very centre, whereas Kepler gueaaed right at the 
ellipaia. And so Mr. Hooke found leas of the proportion than Kepler of 
the ellipsis. There ia ao strong an objection againat the aoourateneaa 
of this proportion, that without my demonatratious, to which Mr. Hooka 
ia yet a stranger, it cannot be believed by a jndioious philosopher to be 
any where accurate. And ao, iu stating this busineaa, I do pretend to 
have done aa much for the proportion as for the ellipsis, and to have as 
muoh right to the one from Mr. Hooke and all men, aa to the other 
from Kepler J and therefore on th t I h m t t least 

moderate hia pretences. 

The proof yon aent me I like ve y w II Id g 1 th hole to 
consiat oE three booka i the second hilt mm being 

abort, and only wants transcribing 1 d w tl t fairly. 

Some new propositions I have ainee th ght wh h I a well 

let alone. The third wanta the theo f m t I t nm last 1 

spent two months in calculations to no purpose for want of a good 
method, whioh made me afterwards return to the first book, and enlarge 
it with divers propoaitious, some relating to oometa, othera to other 
things, found out laat winter. The third I now design to aupproaa. 
Philosophy is such an impertinently litigioua Lady, that a man had aa 
good be engaged iu lawauits, aa have to do with her, I found it so 
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formerly, antl now I am no sooner oome near her again, but alie gives 
me warning. The two first books, witliout tha tliird, mill not so well 
bear the title of Philoaophiae Naturalis Priiicipia Mathematioa ; and 
therefore I had altered it to this, Do Motu Corporiim libri duo. But, 
upon seoond thoughts, I retain the former title. 'Twill help the sale of 
ihe book, which I onght not to diminish now 'tia yours. The articlea 
are, with the largest, to be called by that name ; if you please you may 
change the word to sections, though it be not material ; wliieh ia all at 
present from 

jour affectionate fiiend, 



Is, Nev 



Cambridge, Juno 20, 1686. 



Since my writing this letter, I am told by one, who had it from 
another lately present at one of your meetinga, how that Mr, Hooke 
should there make a great stir, pretending that I had all from him, and 
desiricg they would aee that he had juatioe done him. This carriage 
towards me ia very strange and nndeaerved ; so that I oacaofc forbear, 
in stating the point of justice, to tell you further, that he has published 
Borell'a hypothesis in hia own name ; and the asaertiug of this to him- 
self, and completing it aa his own, ssema to me the ground of all the 
stir he makes. Eorell aid something in it, and wrote modestly. He 
has done nothing, and yet written in such a way, as if he knew and had 
sufBciently hinted all but what remained to be determined by the 
drudgery of caloulatfons and obaerrationB, escusing himself from that 
labour by reason of his other bnsineaa, whereas he should rather hare 
esouaed himself by reason of his inahilitj'. For 'tia plain, by his words, 
he knew not how to go about it. How is not this very Sue ? Mathe- 
maticians, that Und out, settle, and do all the business, must content 
themselvea with being nothing but dry oaloulators and drudges; and 
another, that doaa nothing but pretend aud grasp at all things, must 
carry away all the invention, as well of those that were to follow him, 
as of those that went before. Much aiter the same manner were his 
letters writ to me, telling me that gravity, in descent from hence to 
the centre of the earth, waa reciprocally ia a duplicate ratio of the 
altitude, that the figure desoribed by projectiles in this region would be 
an ellipsis, and that all the motions of the heavens were thus to be 
accounted for; and thia he did in such a way, aa if he had found out 
all, and knew it moat certainly. And, upon thia information, I mnet 
now aeltnowlodge, in print, I had all from him, and so did nothing 
myself but drudge in calculating, demonstrating, and writing, upon the 
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inventions ot this great maa. And yet, after all, the first of those 
three things he told me of is false, and very unphilosophical ; the second 
is as false ; and the third was more than ho knew, or oonld affirm mc 
ignorant of by any thing that past between us in onr letters. Nor do I 
understand by what right he claims it as his own ; for as Boroll wrote, 
long before him, that by a tendency of the planets towards the sun, 
like that of gravity or magnetism, the planets would move in ellipses, 
so BuUialdua wrote that all force, raapeeting the san as its centre, and 

distance from the ceatre, and used that very arg-nment for it, hy which 
jou, sir, in the last Transactions, have prOFed this ratio in gravity. 
Now if Mr. Hooke, from this general proposition in Bnllialdus might 
learn the proportion in gravity, why must th p p t h g f 
his invention P My letter to Hugenins, whioh I m d b w 

directed to Mr. Oldenburg, who used to i:eep th g 1 H j p r" 
came into Mr. Hooke's poBsessioa. Hr. Ho k L g y h d 

might have the curiosity to look into that let d th k th 

notion of oompariag the forces of the planets a g f m th 1 

motion! and so what he wrote to me afterwar Is, about the rate of 
gravity, might he nothing but the frait of my own garden. And it's 
more than I can affirm, that the duplicate proportion was not OEpreesed" 
la that letter. However, he knew it not (as I gather from his books) 
till five years after any mathematioian could have told it him. For when 
Hugenins had told how to find the force in all cases of oircular motion, 
he bad told 'em how to do it in this as well as in all others. And 
so the honour of doing it in this is due to Hiigenina, For another, five 
y ai ft t claim it as his own invention is as if some mechanic, 
wh had la d the art of surveying from a master, should after- 
w I la m the snrveyiag of this or that pieoe of gronnd for his 
wn t and keep a heavy qnartec to be iu print for't. But 

what f h urveyor be a hnngler, and give an erroneouH survey ? 
M H k h errod in the invention he pretends to, and his error is 
th e f 11 the stir he makes. For his extending the duplicate 

proportion down to the centre (whioh I do not) made him correct me, 
and tell mc the rest of bis theory as a new thing to me, and now stand 
npon it, that I had all from that his letter, notwithstanding that he had 
told it to all the world before, and I had seen it in bis printed books, 
all but the proportion. And why shonld I record a man for an inven- 
tion, who founds his claim upon an error therein, and on that score 
gives me trouble? He imagines he obliged me by telling me his 
theory, but T thought myself disobliged by being, upon his oivn misiake, 
eorvected magisterially, and taught a theory, which every body lineiv, 
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and T had a truer not on of ttiaa h mself bb-oald a ma ho h oL 
h maelt kaowing an i lavas to alio t it n ooirect ng and nat u t ng 

hers oome to you wl ea j ou a e busy an 1 notw thstan I ng j ou 
escnse press d boou ee uj on yon and througb b s ova m stakes 
coireotyou and mnl ply d sconrae indtiieii make th ae f t to 
loi tlat he Wu^tt yoix all he spako and H^e you toictnowlelge t 
and cry oat injury and ingnatice if you do not ; I believe yoa would 
think him a man of ala-auge unsociable temper. Mr. Hooke's iettors in 
several respects alwnnded too mnch with that humour, which HevoliuB 
and others complain of ; and therefore he may do well in time to con- 
sider, whether, after this new provocation, I be muoh more bound (in 
doing him that justice he olaima) to make an honourablo mention of 
him in print, especially sinoe this is the third time that he has given 
me trouble in this kind. For your further satisfaction in this business, 

1 beg the favour you would consult your books for a paper of mine 
entitled. An Hypothesis esplaining' properties of Light. It was dated 
Deo. 7, 1675, and registered in your boot about January or I'ebcuary 
following. Not far from the beginning there ia a paragraph ending 
with these words : " And as the earth, so perhaps may the sun imbibe 
this spirit copiously to conserve his shining, and keep the planets from 
reoading fucthec from him; and they that will may also suppose that 
this spirit affords or carries thither the solary fuel and material 
principle of light. And that the vast ethereal spaces between UB and 
the stars are for a sufficient repository for this food of the aiin and 
planets. But this of the constitution of ethereal natures by the by." 

In these and the foregoing words you hare the common cause of 
gravity towards the earth, sun, and all the planets, aud that by this 
cause the planets are kept In their orbs about the sun. And this is all 
the philosophy Mr. Hooke pretends I had from his letters some years 
after, the duplicate proportion only escepted. The preceding words 
contain the oanse of the phaeuomena of gravity, as we find it on the 
surface of the earth, without any regard to the various distances from 
the centre. For at first I designed to write of nothing more. After- 
wards, as my matiusoript shews, I interlined the words above cited 
relating to the heavens ; and in so short and transitory an interlined 
bint of things, the espreasion of the proportion may well be excused, 
B t fy consider the nature of the hypothesis, you'll find that gravity 
d ipwards, and can be no other from the superficies of the 

pi 6 tha reciprocally duplicate of the distance from the centre, but 
dw waid that proportion does not hold. This was but an hypothesis, 
1 t be looked upon only as one of my guesses, which I did not 
ly but it sufficiently esplains to you, why in conBidering the 
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desoent o£ a body down to tbe centra, I need not the duplioate propor- 
tion. In the small asoent and descent of projectiles above the earth, 
the variation of gravity is 3d in oonaid arable, that Mathematioians neglect 
it. Hence the Tulgar hypothesis with them is uniform gravity. And 
why migiit not I, aa a Mathematician, use it frequently, witlioiit ' 
thinking on tbe philosophy of the heavens, or believing it to be philoso- 
phically true ? 

I n ii ji \ f J I6sr 





toy 


y 


h 11 m 






th t 


y 1 8 t 




I t 




t L dy 



f jh ml tboatfT tlitj 

II Jgy tjp tht 1 tdtby qt 

jjtwhhby dThpy 11 It 

jour former resolntioji of aupreesmg your third book, there being nothing 
which yon can have oompiled thereiu, which the lesJTied world will not 
be oonoemed to have concealed. Those gentlemen of the Society, to 
whom I have communicaied it, are very much troubled at it, and that 
this unlncty buEiuess should Lave bapned to give you tionblo having a 
jnst sentiment of the author thereof. According to your desiie in your 
former, I waited upon Sr Christopher Wren, to inquiie of him, if he 
had the first notion of the reciprocall duplicate proportion fitm Mi 
Hooke, hia answer was, that he himself very many yeaia since had 
bad his thoughts upon the making out the planets motions bv a com 
position of a desoent towards tbe Bun, and an impieat motion but 
that at length he gave over, not finding the means of dting it SiLce 
which time Mr. Hoot had frequently told him that he had done it, 
and attempted to make it out to him, but that he never eatisfied him 
that his demonstrations were cogent. And this I know to be true, that in 
January 8J, I, having from the consideration of the eesqaialter pro- 
portion of Eepler, oonoluded that the oeutripetall force decreased in the 
proportion of the sqnarea of the disUincea reciprocally, came one 
Wednesday to town, where I met with Sr Christ. Wrenn and Mr. 
Hook, and falling in discourse about it, Mr, Hook affirmed, that upcn 
that principle all the laws of the eelestiall motions were to be demon- 
strated, and that he himself had done it. I declared the ill success 
of my attempts ; and Br Christopher, to encourage the inquiry, a"* that 
he would give Mr. Hook or me two months time to bring him a con- 
riucing demonstration thereof, and besides the honour, he of us that 
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ddtbllh fmh p iflLfiO-lTi Hook 

th tt t li t 1 b t h w Id 1 t f m me, that 

th t g dflgmghLwhwt 1 t h h should 
mktpblkhw Iiamh Chtwltl atisfied 

th t li n d t d th M H k tb 1 m d t h w 6 

h la tylfidtht thtp Ihht gd 

as h w I Th A g t i 11 wh I d d j If th 1 

t lety Ih 1 tth 1 wthtj hdh ghtth 

dmt'at fcopft dyw pi Itp mia m a 

17 fh f wh h h N mb E 11 w I d th gr t 

dlf f t Mrgt Itl ptk h 

p p f w h y bout it. 
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jh 6 
th t th b t m 11 1. t f 

wh bh b d 1 h t t 

hthk tettpbhh p-tw 

pi ly t n h m th fc 1 as h p od 
t d 1 t th w Id J d i 

bl tAtbm fMHklmi bl yeij, I 

f t h b p t 1 w 1 th t ght for ha 

h ad 1 1 1 t^ ppl t t tl y ty E ] t or pre- 

tddy hlUf b Thih tb S J h Hoskins, 

liisptlE[]dbg hh liD'V tp esented 

y bktbDgt ttjt bth tth novelty 

ad y f th b] t It w pi ed by h 1 in that 

you had carried the thing ao faj- that there was no more to be added. To 
■which tba Vice-president replied, that it was ao much the more to be 
prized, for that it was both invented and perfected at the aame time. 
This gave Mr. Hook oEfenoe, that Sr John did not, at that time, make 
mention oE what he had, aa he e*, discovered to him ; upon which 
they two, who till then were the moat inseparable oroniea, have since 
scarce seen one another, and are ntterly fallen out. After the breaking 
up of that meeting, being adjourned to the ooffe-liouae, Mr. Hook did 
there endeavour to gain belieE, that he had some such tbiag by him, 
and that be gave you the first hint of this invention. But I found, that 
they were all of opinion, that nothing thereof appeaj-ing in print, nor 
on the books of the Society, you ought to bo considered as the inveuter. 
And if in truth he knew it before you, be ought not to blame any bat 



y Google 



APPEMDICES. 



himself, for haTing fabea no movo oare to secure a dSscoverj, which lie 
puts so much value oa. What application, he has made in pi-ivate, I 
taOT not, but I am sure that the Society hare a very great satisfaction 
in the honour you do them, bj your dedication of bo worthy a 
Sr, I must now again beg you, not to let your rBsentraents run 
as to deprive us of your third book, wherein the application of your 
niathematlcall doctrine Ut the Theory of Comets and severall ourions 
BsperimentB, which, as I guess by what you write, ought to compose it, 
will undoubtedly render it acoepfahle to those, that will call themselves 
Philosophers without llathamatickB, which are by much the greater 
number. Now you approve of the chiiaotei and paper, I will push on 
the edition v'g ly I h sometimes had thoughts of having the 
outts neatly d W as to stand in the page, with the de- 

m onvenient, and not much more charge. 

, I will tiie Low well it can be done; 

h m somewhat a larger size than those you 



otierwisB I m 



have sent up S 

Yom most afieetionate hnmble serve, 
London, ^9 Jnne, IbSb. E. Hallby. 

To M*^ Isaac Nihvtok in Tbinitv CoLtme. OAMBRine. 

B. 0. Newton to Halley, July 14, 1686. 

July 14, 1686. 
Slb, 

I tave considered your proposal about wooden cuts, and 
believe it will be much oonvenienter for the reader, and may be 
BufBoiantly handsome, but I leave it to your determination. If you go 
this way, then I desire joa would divide the first figure into these two : 




crowded them 



to save the trouble of altering the numbers in 
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the Bciemea you have 1 3,ra very aensible of the 'neat kindness of the 
gtlm f I11& ttmfubylwhtr lid pL 

d Ikwlwtdtgbb th f 

d h hm Hwlltlhw m pt 

m p tatmlwllhai dthpt pt It 

Th la t th t hia 1 t d mj fi d g th th d t 

d te m wh h wh I h d t 1 th 11 p I h tl 

lit bl p h Ti 1 ttdfbt 

fi J 1 11 p y req t I ght t h t p p 1 t 

fidig ddtg dd Ittthpp hwd 

by M P get I t f til d pi t p p t I ca ffi that I 
gatb red t f in K pi tb 1 tw ty A 1 

S Ch t jh W sam th 11 p la g t th f 

bwththkwtmjy bfrehlftftb qrv 

aft th fig by mp d m t d d t mj d 1 

t g tL Ih th th M H L 1 tt wh b h 

wllthklhdtmh Htldm th mypp d j 

1 t th I t f f n g b d ea w t tl Ij w y t p tb 

mt fth th d dddtb pmttynridl 

I k t t H I a, gum t f g ty b 6 1 1 t th 

qtbythlrnlmt Th pmtw wtmit 

t th f th t p p wb h 1 1 U y w vr t m 

t m b fift y I 1 I d th f f ib fc t tb 

qt fmh thd Im dtkwwbt 

wuldbthdcit fiTtythb Btytdh 

b gl t h fe t t t 1 ffi Ity th I w f 

A third thing there was io his letters, which waa new to me, and I shall 
acknowledge it, if I make nse of it. 'Twaa the deflesioa of falling 
bodies to the south-eaBt in our latitude. And now haying sinoerely 
told yon the case between Mc. Hoote and me, I hope I shall be free 
for the fntnre from the prejudice of his letters. I have considered how 
best to compose the present dispute, and I think it may be done by the 
inclosed sobQlinin to the foncth proposition. la turning over some old 
papers I met with another demonstration of thn.t proposition, wbicb I 
have added at the end of tbis scholium. Whicb is all at present from 
your affectionate friend, 

and hiimble servant. 

Is. Newton. 

E. 7. Nezptm to Halley, July 27, 1386. 
Sib, 

Yesterday I nnespeotedly struck upon a oopy of the letter, I 
told you of, to Hagenius. "Tis in the hand of one Mr. Johii Wickins, 
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n 1 ■iv I ove of go d use i N tural PI 1 liy 1 


" ABtronomy, as well aa Mochan ca 


Thus for iostanoe, if the mison, 


" why the same 


de of the moon 


IS cvtr towards the earth, be the 



" greater oonatua of tl e other si le to leoede fcom it, it will follow (npon 
"supposition of the earths motion about the sun), that the greateet 
" ilistaoioe of the sun from the earth is to the gi'eatest distance of the 
" moon from the earth, not greater than lOflOO to 56 ; and therefore 
" the parallas of the sun Jiot less than tiApVs "f the parallas ot the 
"mooni beoaase wore tbe sun's distance less in proportion to that ot 
" the moon, she would have a greater oonatus fcom the snn than from 
" the earth. I thonght also somo time that the moon's libratioo might 
" depend upon her couatuE from tbe Bun and earth compared together, 
" till I apprehended a better cause." 

Thus far this letter concerning the Vis Centrif nga. The reflt of it, 
(or tbe most part concerning colours, is printed in the Phil. Trans, of 
.July 21, 1673, Ko. 96. Now from these words it's evident, that 1 was 
at that time versed in the theory of the forco arising from circular 
motion, and had an eye upon the forces of the planets, knowing how to 
compare them by the proportions of their periodica,! revolutiouB and 
distaaces from the centre they move about : an instanco of which 
you have here in the comparison of the forces of the moon arising 
from her menstrual motion about the earth, and annual about the snn. 
So then in this theory I am plainly before Mr. Booke. Foe he about a 
ar f h At mi t t p th II f th F th J 1 d 

p ly th t th d b h h j,ra ty d d h h 1 t 

h I m t llj a d h t 11 t h t th t 

E m pi m d th f h th mm d t to th 

p t E th 

Ivwhghid tfidthdjl Pit j sed 

h Itt ( Ihpltm ght) y t f y mp th p sag f t 

here transcribed, with tha' hypothesis of mine, registered by Mr. 
Oldenburg iu your book, you will see that I then underatood it. For I 
there suppose that the descending spirit acts upon bodies here on the 
auperfioiea of the earth with force proportional to the superficies of 
their parts ; which cannot be, unless the diminution of its velocity in 
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acting upon tie Srst parts of any ■body it maete with, fae recompensed 
by the iccraasa of its density ariaing from that retardation. Whether 
this be true ia not material. It suffices, that 'twas tho hypothesis. Now 
i! this spirit deaoend trora above with uniform velocity, its density, and 
oonaeqaeatly its fOTce, will ta leclprooaliy proportional to the square 
of its distance fiooi the centie. But iE it descend with acoelevated 
motion, its deoeity will eveiywbeva dimiuish as miieb as its velnoity 
incceasesj and so its foice (according to the hypothesis) will be the 
same as before, that is, still leoiprooally as the slnaro of its distanoa 
from the centre 

In short, as these things oompared together show, that I was before 

MHL whhp 1th been my master, so I learned 

th 1 y h 1 fct 1 t th tb t 1 1 s fall not only to the east, hut 

1 1 t t d t tl th I the rest his correcting and 

f m m t b mpl d f And tho' his correcting my 

p ral d m fi d fh th rem, by which I afterwards 

ml Ith III ytml tbh Iden to him for any light into 

th b 1 t 1 f th d n he gave me from my other 

studies to think on these things, and for his dogmatical ness in writing, 

as if he had found tho motion in tho ellipsis, which iaoliued me to try 

it, after I saw by what method it was to be done. Sir, I am, 

your afiectionato friend, 

and humble servant, 

July 27, IGSG. 

E. 8. Kewton to Ilallui/, Awj. 20, 1S8G. 

This letter is lost, but Dr. Edleston believes that it related 
to the attraction of a apheroid on a particle on. its axis. (The 
Cotes Corresponde)ice, pp. xxx, Ivii.) 

B. 9. HalJey to Nudon, I U, IfiSrj 

London, October 14, 168b 

SB, 

By reason you aje deaircuh thir your booL should not be 
publick before Hillary Teim, the impiession has not been e'^pedited 
as it might have been , hut I hope that it is the more correct fot 
proceeding so slow. I have seat ^ou by the coach which goe'i 
from hence to.morrow moiuing ill the sheets that aie done, desiiiQg 
you would please to mark all the eirita you thdl hn I that 
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] tta d 

Q d t ly 

f th 



J bl m h 1 te til 63 fig f po t 11 

(hb dmft d)h matbmm 

t L Qi Ued wb f I t t j w U lie. t dm 

d by y If ii f w 1 tb t 1 t th to d f t b t 

too much trouble, be prevailed upon to subjoyn Bomething ot the 
DemouEtratiou. Id jouf transmutation of Ggures scoording to the 22tii 
lemma, whioh you use in the 2 following problems, to roe it seems 
that the manner of transrouting a trapeEium into a parallelogram needs 
some further eiplioation ; I have printed it as jou sent it, but I pray 
you please a little farther to deacribe by an example tlie manner of 
doing it, for I am not perfcotly master of it, a short hint will suffice. 
Pray defer the answer hereto as little as may stand witli jonr oou- 
renience, for we ar? now within a sheet of the 23d problem, and shall 
want your amendments, if there be occasion for them. If there be any 

Your most affectionate humble servant, 
To his honoured Friend, Boa. Haliby. 

Mb. Isaac Newton, 

at Trinity Oolledg in Oambkidg, 



B. 10. Newton to Bailey, Od. 18, 1686. 

SlH, 

In the acboHum you write of, the words " vel hyperbolae" in 
the 3d liae are to be struck out, and in the Bth and 6th lines the words 
"quae sit ad Q k" should be "quae sit ad 4^ g k." I send you inclosed 
th b f th h h ra w h th 63d fig I would have 

tlmp td Ihkj h lly( g gm tee that it was 
Th g 1 f h t it ft pezium into a 

p all U mil dw pgSr 

■dtopin Imq mq p ononrsiim con. 

gtmt-atddq 11 h paoto abit in 

fi t m 1 t mj alielae sunt quae ad punctum inSnite dietsus 

te d t I th fi pag. 86, conceive the curve H n i to be pro- 

d ed b h y 1 11 meet and intersect itself any where in the 

d d t p m ; and when the point G moving up and 

d w th ive.i at that intersection point, I say the 

p t g 11 inner up and down in the curve h i will 



y Google 



COEEESPONDBNCB, I(!86-l(i87. 169 

Ijeoome inGoitely distant Foi the point u falling upon llie line o A, 
the point D will fall upon the point A, and the line o d upon the line 
I) * , and so becoming parallel to i s their interseotion point S, will 
become inimitoly distant, and. conaaqnently the line d g will baoome 
loGmtely distant, and so will its point g q. b. d. So then if any two 
lines of the piiniary figure H c i D mteiBeot in the radius ordinatua 
primus 4 o, thoir intetseoiion lo the new figurs h g i d shall beoome 
infinitely diEfcant , and, theiefore, :f the two intersecting lines be right 
ones, they shall become patallel ioi light lines, which lead, to a 
point infinitely distint, do not intersect one another and diverge, bat 
ace parallel. Therefore, if m the priniaiy figure there be any trapeaiam, 
whose opposite sides couTei^e to points in the rafliue ordinatua primns 

A, those sides in the new figure shall beoome pao-allel, and so the 
trapezium be converted into a parallelogram. 

The printed sheets I intend to look ovei Hr Paget in his stay 
here, has noted these errata of wh ch the 3d is a fault in the copy. 

P. 6, 1. 27, velooitate p 8 1 IJ tut Sunt p 11 1 30 reciprooe 
ut D o; p. 18, L 1, recta I wiA the pcintei be caieful to mend all 
you note. Sir, I am very 'Jensible of tl e great tiouble you are at in 
this busineas, and the great care you t'llie ibont it Piay take year 
own time. And if you meet with any thing el^e which you think need 
eithec correcting or further esplaimng, be pleased to signify it to 
your humble and obliged servant, 

Trin. Coll. Is. Newtok. 

()etob. 18, 1686. 

My thanks for your note of De la Hire. 

K 11. N^mion to HaUwj, Feb. 18, 1687. 
Sir, 

I have sent you the sheet you want. The second book I made 
ready for you in autumn, having wrote to you in summer that it should 
come out with the first, and be ready against the time yon might need 
it, and gaessing by the rate of the press in summer you might need it 
about November or December. But not hearing from you, and being 
told (though not truly) that, upon some differences in the Royal 
Society, you had left your secretary's place, I desired my intimate 
friend Mr. 0. Montague to enquire of Mr. Paget how things were, and 
send me word. He writes, that Dr. Wallis has sent up some things 
about projeotilea pretty like those of mine in the papers Mr, Paget 
first shewed yon, and that 'twas ordered I should be consulted whether 

1 intend to print mine. I have inserted them into the beginning of the 
second book with divers others of that kind : whioh therefore, if jou 
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floaire to Bee, you maj commBnd the book when you pleaso, though 
otherwise I should choose to let it lie liy me till you are ready for it. I 
think I have the aolntion of jonr probJem &boot the sun's parallax^ but 
throngh. other oocaaionB ehail Bcuroe have time to think further on 
these things ; and besides, I want aomelhing of observation, for if my 
notion be right^ the flun draws the jnoon in the quadratures, so that 
there needa an equation of about 4 or 44 minutes to be subduoted from 
her motion in the first quarter and added in the last. I hope yon 
received a. letter with two corollajries I sent you in autumn. I ha^e 
eleven sheets already, that is, to M, When you have seven more printed 
ofi I desire you would send them. I thank you for putting forward 
the press again, being very seneiblo of the great trouble I give yon 
amidst so mnch bnsiuese of your own and the Eoyal Society's. In this, 
as well aa io divers other things, yon will much oblige 
your affectionate friend 

and humble servant, 
Tbin. Colu, OAUBKinoE, la. Newton. 

Feb. 18, 1686. 

E. 12. Jlallay to Newton, Feh. 24, 1687, 

London, Feb. 24, 

EONOL'BD Sh, 

I return you most hearty thanks for the copy you sent me of the 
sheet which was lost by the printers negligence j I mill now do nothing 
else till the whole be finished, which 1 hope may be soon after Easter; 
and to redeem the time I have lost, I will employ another press to go 
on with the second part, which I am glad to understand you hare per- 
fected, and if you please to send it up to me, as soon as I have it, I will 
pett the printer to work on it, and will not be wanting to do my part to 
let it appear to y'^ worH to your aatiafaotioa. I am sorry the Societie 
shouia be represented to you so unsteady as to fall so frequently into 
varienoe, but there is no such thing ; and I am bold to say that I serve 
them to their aatiafaction, though 6 out of 38 last general election day, 
did their endeavour to have put me by. Dr. Wallis his papers I will 
send you, the result is much the same with yours, and he had the hint 
from an account I gave him of what you had demonstrated, I will Send 
it you with some more sheets the next week ; it is, as yours, founded 
upon the Hypothesis of the opposition bein"' proportionate to the celerity 
whihy yyfid tdpte.Y dmtt t 

h p 11 f th f m th q 1 ty E th m m t 

whtthS th mmddmt qtf tbg 
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Systeme, wh b a 1 othec waja aco leflfl aat n and they entreat yon 

problevne, TliB lone there rema ne oth g mora to be enquired 
in this matter, and you will do your self the honour of psvEeotiug 
eoientifically what all past ages have but blindly gropod after. I haTs 
yonr two propositione joa sent me some time since, and shall insect 
them in their proper place, 

I am, Sr, to the ntmoat of ray power, 

Your most affectionate hnmblo aorvt, 

Emi. Halley. 
To his Eononred Friend, 

Mr. Is J\EWT 

in Tk M C t tBG C BR 



11 h toat HdlJ J M rl \ lr'^ 

SiK, 

You'l ece ve e book on Thmsday c gh r day b 

the coach. I ha e d ree ed t o be eft w h M En a C shim 
CoiL Pray e me beg he f^ ur of a 1 ne u bo to ka w of he 
receipt. I an o ^ed o on f p ah cf. n he e on becanee of 
people's espeotatioc, tho otheiwiae I could be as well satiefied to let it 
rest a year or two longer. 'Tia a donble favour, that yon are pleased 
to double your pains about it. Dr. Wallia's papers may be long, and I 
would not give you the tronble of transcribing them all. The heads 
may snffiee. The reaistauoe, in swift motions, ia in a duplicate propor- 
tion to the celerity. The deduotioa of the snn's parallas from the 
moon's variation, I cannot promise now to consider. When astconomBrB 
have esamined whether there be such an inequality of her motion in 
the quatlraturee, as I mentioned in my last, and determined the quantity 
thereof, I may take Some occasion perhaps to tell them the reason. No 
more at present from 

your most aftectionate humble servant, 
CAMeBiDGE, la. NEWto^^ 

March 1, 8G-7. 

B. U. Halky to Newton, March 7, 1687. 

London, March 7, 1686-7. 

HoNOURBD SB, 

I received yours, and according to it yonr Second Book, which 
ihia week I will pntt to the press, having agreed with one that promises 
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me to get it done iq 7 weska, it making much atout 20 sheets. The 
Kcst Book will be about 30, whicli will be finished mnch about the 
aame time. This week yon shall haye the 18th ahnet acoordiag to your 
direction. You mention in this aeoond, your third Book De Sysfeiiiote 
Mundi, which from such firm prinoiplea, aa in the preoediug you have 
laid down, cannot oliuae but give umvereall satisfaetion, if this bs 
likewise ready, and not too long to be got printed by the same time, 
and you think fit to send it ; I will endeavour by a third baud, to get it 
all done together, being resolved to engage upon no other buBineas till 
anoh time as all is done ; desiring herbj to clear my self from all 
imputations of negligence in a biisineas wherein I am much rejoyced 
to be any wais conoerned in Handing to tbe world that that all future 

Sr, your most obedient servant, 

Edm. H alley. 
To Mr. IsAAn Newton, 
at Trinity Colledc Cambsieg. 



B, 15. Halley to Navton, March 14, 16S7, 

I have now seat you the 18th sheet o( your book, bat could 
not be as good as my word, by reason of the extraordinary trouble 
of the laat abeet, which was the reasoa that it could not be flniahed 
lime enough to send it you the last week. I have not been wanting to 
endeavour the clearing it of errata, but am sensible that notwith- 
standing all my care some have crept in, but I hope none of con- 
sequence. Pray please to examine it yourself, and note wbat mistakes 
are committed, that ao they may be noted at the end ; and if they be 
very materiall, the ahaet shall be done over again, aa 1 was forced to do 
the sheet d, and half the sheet p must be done, for the figure ia turnd 
npside down by y^ neglegence of the printer, in pag 113. 1 hope in a 
fortnight more to send you as many more sheets, and very auddenly to 
have the first part fiaished : being, 

To Ms. Isaac NawioN, 

in Tbisity Coll., 
OAUBEise. 

Theae present 
With a small parcell. 
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B, 1(3. nallmj to Newlo7i, April 5, 1G87. 

London, April I 



! 



1 th 



k Th 



g h 1 



t 1 



ivUb i 



16S7. 

t I 
L d tbln th 



!th th d tl 

m p th t d d tL t w U g t d t: 

hfimhlby th p btlfil m Ifcly 

1 tt ] tly i m h d f d m h O b f 



, T 



1 



£ th c 



f 



Hh th r f th th t h I 


d £ m m m y h 


timed g f tb d d 


1 p h 1 b fid 11 p 


t Buffi tly d by h p d 


th t rs d m t w 11 1 


(, wh h po bly y d 1 


I 11mm y If oa 


m th f It th C m t L 


d tw 11 h (. 1 b t t 


th S mbe y h 1 d d w 


d m k t h t f y ur 


Hyp th J t i 1 t Id 


fl 1 th t y h t h d tliat 


tab! 11 E m t t I 


dtli IP t t th mm 


whi 1 in k g fa 


f tath th g-i t t 


towaid him I d bt t 1 tr h 
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B st my affection 


Bboald m m 





to be left with Mr. Parish Raotor of 

Conlsterworth, in Lincolnshire. 

These. 

B. IT. Halky to Newton, July 5, 1687. 

London, Jnly 5, 1687. 
HoNOunBD Sh, 

I have at length brought your Book to an. end, and hope i 
will please yon. The last errata came just in time to bo inserted. : 
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w'll p e t [ m yon the books yon deaire to tho R. Sooieiy, Mr. 
B 1 P t ^■"' Flamateed, and if there be any else in town that 

y n g gratilie chat way ; and I ha^e Sent yon to beatow on 

y s the University 20 GopiBS, whioh I entreat you to 

a p In ame paroell you will reosiTS 40 more, wch, haying no 

acq a a Cambrldg, I must entreat you to put into the hands of 

one your ablest Booksellers to dispose ot them; I entend 

the price of them bound iu oalves leather and letterd to be shillings 
h Thid II q tehllgttky 

myhy Id 5p tt lylt 

mhtmfl tfidtlth 11 Ik 

wih t tgliBkU llm ttl 1 hm 

ghl wthm b hh yui 11 t k thl 

by th comb t Ihijwll pty fh] 

ybtk Idblp mht wndth 

dtlt b fty bllh Itld tdyir 

If w h tl t d h t y w 11 th t mj I t 

wb J h h d ao g d 1 tt mpt th p f t E 

th L Th y whi hwllb fpdt 'h gt 

ti \\ Ipt 3 d bl p It bliUbgldt 

hea th t y h d th B k d t k w wh t f h 

p t wldmk twwhihbllb dljd 

Tou will receive a box from me on Thursday nest by the Waggon, that 
pacts from henoe to-morrow, I am Your most obliged hnmble aervt, 
Edm. n alley. 

To Mr. laaae Newton, 

In Trinity Oolledg. Cambridg. These. 



C. MemOKASDA OS THE CORRESPONDENCK KOW EXTAKT 
(91 LETTBES), CONCERNING TUB EilOlUJCTlON 01' THB SBCOKD 
EDITION OF THE FriSCIPIA. 

This correspondence comtnenees with a letter from Bentley 
;o Wewton, dated June 10, 1708 (see Brewster, vol. iL pp. 
.88-190). It is continued in letters 1 to 85 (inclusive) of 
;h6 Cotes Correspondence, edited by Dr. Edieaton, London, 
(see above, p. 4) ; to which should be added 6 letters 
'rom Cotes to H'ewton, relating mainly to the velocity of 
effluent water, of the dates Sept. 21, 1710, Oct. 5, 1710, 
Oct. 26, 1710, JIarch 31, 1711, June 4, 1711, and June 9, 
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1711, which, are in the Portsmauth Collection : portions of the 
first and last of the above letters are given in Dr. Edleaton's 
work, The letters from Xewton were printed by Dr. Edleston 
from the originals ; but those from Bentley and Cotea were 
printed from drafts, and in most oases there are minute verbal 
differences between these and the originals which are preserved 
in the Portsmouth Collection. The paragraph printed by 
Dr. Edleston on p. 119 should he inserted as the last paragraph 
of the letter of April 26, 1712. There are also in the Ports- 
mouth Collection two letters from the printer (Ci'ownfield) to 
Newton relating to the progress of the work. 



D. Mbj[oranda ok the Coreesposdescb conobrxino the 

PRODUCTION OF THB THIRD EDITION OF THE PrISCIPIA, 

On this I have little to add to what I have stated in 
chapter vii. (see above, p. 135). There are in the Portsmouth 
Collection 23 letters from Pemberton to Newton, and seven 
sheets of queries — all on questions connected with the pre- 
paration of the third edition of the Prindpia. Pemberton 
speaks of letters passing between Newton and himself on 
this auhjeet. If the communications from Kewton consisted 
merely of notes written on the margins of the proof sheets, 
probably they are irrevocably lost ; but Rigaud seems to have 
thought tliat they were letter', and ha I been pie=Pivecl Pern 
berton died in 1771 ; he left his prmteil booU to Dr Wilson 
but most likely his papeis wi,nt with the lesidui, of lii'i 
property to a Mr. Heniy Miles, a timber meichant of Eother 
hithe. Mr. Miles had sons, but all eft rts ti tnoe them n 
Mr. Milos's papers have failed" 

* See Rigaad, p, 107; and PhilosnpMcal Magazine, May, 1836, 
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MATHEMATICAL 

EECREATIONS AND PROBLEMS. 

By W. W. ROVm BALL. 

[Second Edition. Pp. xii4-241. Price Is. net] 

MACMIUjAN and CO., LONDON AND NEW YOEK. 



This work is divided into two parts, the first on mathe- 
matical recreations and puzzles the second on some problems of 
histo al te est 1 ut n both \ a ts quest ona which n olve 
ad anc d mathe at c a e eid ded 

The mathemat ca,l ec eat on mcl iu ub e ou ele ae t y 
q est o 8, as ell a*, p ol le ns ucl as tl e p opos t on i'ka.t to 
colo a aj ot more tha £o r colo rs a e necessi y the 
ex] la at on of tl e poss b 1 ty of sa 1 nc q eke tha tl e v n 1 
the efiect of a t o a te s ball the fifteen p /zle Ch ese 
n gs the ght [ eens problem the fifteen, school g rla the 
const uct on of m'^ j; sq a es the tl eo y 11 isto y of n zes 
and s m lai figi es the Ham Ito a game a 1 tl e L gl t s 
path on a chess-tmard 

Tl p secon I pa t co h ne cea v th a sJietcl of th h ?tory 
fiast of three cla al [roblems m geo net y— namely the 
dupl to of the cube tl e t ise t on of a angle and the 
J idrat re of tl e c cle— i 1 e ond ot a&trology Tl e last 
tl e chipte s are levote 1 to an account of the hypotheses as 
to the natuie of 5 ace and n ■iss u 1 the eans of neas r eg 



Ml Ball hat alieady aMaaiied a poBition m the ftout laaL of wiiteis 
on subjects connected with the history of mathematics, and ibis brochure 
will add another to hig BuooesseB in this field. In it he has colleeted a 
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ici'js of informitiuc btaiiDg upon matters of more geneial intcieet, 
written m a stile which is eminently readable, and at the same time 
eiaot He has doiip his work so thoroughly that he has left few ears for 
othei gleaners The nature of the work is completely indicated to the 
mathematical student by its title. Does he want to revive his aoc[uaiiit- 
ance with the Frohlemes Flaimns et DSlectables of Bachet or the Recrea- 
tions MathSinatiqiiet et Physiques of Ozanam ? Let him take Mr Ball for 
his companion, autl he will have the cream of these works put before him 
wiiii a wealth of illustration quite delightful. Or, coming to more reoent 
times, he will have full and ace at i n f th fift n p 1 

'Chinese rings,' 'the fifte n hlglpblm d g u. 

Sufficient space is devoted tao t>f g q cdunuil 

problems (such as mazes, th km ht pah d(,mtcaltee) 
ITiese, and many other probl mfq^ltre.t nlthld 

of 'Recreations.' The probl a d p 1 t n Id ceo nt f 

the Three Classical Problem ,th al ab fkthfAtlgy, 

and interesting outlines of the present state of our knowledge of hyper, 
space and of the constitution of matter. This enumeration baldly indi- 
cates the matter handled, but it sufiioiently states what the reader may 
espeot to find. Moreover tor the use of readers who may wish to pursue 
the several heads further, Mr Ball gives detailed references to the sources 
from whence he has derived his information. These Mathemalical 
Eecreations we can commend as suited for mathematicians and equally 
for others who wish to while away an occasional hour. — The Academy. 

The idea of writing some such account as that before us must have 
been present to Mr Ball's mind when he was collecting the material 
which he has so sldlfullj worked up into his HUtory of Mathematics. 
We think this because the extent of ground covered by these Reereations 
is commensurate with that of the Histonj, and many bits of ore which 
would not suit the earlier work find a fitting niche in thla. Howsoever 
the case may be, wo are sure that non-mathematical, as well as mathe- 
matical, readers will derive amusement, and, we venture to think, profit 
withal, from a perusal of it. The author has gone very eshaustively 
over the ground, and has left us little opportunity of adding to or cor- 
recting what he has thus reprod,uced from hia note-books. The work 
before ns is divided into two parts : mathematical xeorealions and mathe- 
matical problems and speculations. All these matters are treated lucidly, 
and with sufficient detail tor the ordinary reader, and for others there is 
ample store of references.. ..Our analysis shows how great an extent of 
ground is covered by the Mathematical Recreatiom, and when we add 
that the account is fully pervaded by the attractive charm Mr Ball knows 
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EO well hoT 
subject, we 

A fit eq I t t th 1 ^ valuable and mteiestmg works on tbe 

hi t y f m th t Theje ib a faecmation about this volume wBich 

It f m h ppy mb tion of puzzle and paiadox Thaie is both 

m Ik f b be nd t g neat for giuwft men A. great deal of the 

inf j-m t n h Uy oo ible in ani English books and Mr Ball 

w uld d serr th grat t d of mathematioiana toi having meiely ool 

itedthft Bth ha^ piesenteS them, mth tuoh lucidity and 

t f tyl th t th s not a dull page in tbe hook and he has 

Id 1 m n te a d f lU b bl graphical lefciences which fjieatly enhamoe 

th 1 fhisw k — -Th Cambridge Reviev< 

Mathematicians with a turn for the patadoxes and puzzles conueoted 
with number, space and time, in which their stience abounds will 
delight in Malh,.malu. il Beciealiom and PiohUaa of Pitt and Frei.enl 
Timte —The Timn 

Mathcmat eiant, have their recreations, and Mr Ball sets fotth the 
humours of mathLmaticB in a book of deepest interest to the olciical 
reader, and of no little attractiveness to the layman The notet attest 
unt of rcBcaroh — Th^ Nation il Obiei ssr 



Mr Ball has produced a book of extreme and all but unique interest 
to general readers who dabble in science as well as to profe'ised mathcma 
tioians. — The Seottiak Leader. 

Mr Ball, to whom we are already indebted for two excellent Histoiie'! 
f M th D fc has just proiueed a book which wiU be thoroughlj 
pp t d by tl h ] T th settm;, f th vit t k H has 

II t d t m int f f t b t m th m t 1 q p t oks 

rank dp 1 — Id d w and t ill b t g if the 

m t 1 Id t h d thm f h th tm t—The 

Ob y 

ME BUhtht gfttto tellin d h t s bo 

pi tly th t th gl J y th f hi t h ki wl dg w aie 

t mpt dtlttth d bl muitflb Idmthe 

ppt flbkHg thhityith th matics 

of many problems,,. and whete the limits of hia work pievent him fiom 
dealing fully with the points raised, like a true worker he gives ns ample 
references to original memoirs..,. The hook is warmly to be recommended 
and should find a place on the shdvea of every one mterested m mathe 
matics and on those of every public libraiy. — Tlie llancheslej Guotrf an 
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d w k 1 this t m 1 f dafal 1 t d t f 

mthmtcflh tbgteflftl tm {m 

fnuhnwlllasbe d sed t th st t unt I 

y f BO w 1 t t t f w mp bl t g ytl g b t 

bar k t t f th 1 t 1 d th im t 

tends to render a narrative scrappy. It says much for Mr Ball's deaorip- 
iivG skill that his' history reads more like a continuous story tlian Bj 
series of merely ooaeeoutive snmmBiieB. — The Academy, 

We can heartily reGommend to oar mathematioal readers, and to 
others also, Mr Ball's History of Mathematics, The history of what 
might be supposed a. dry subject is told in the pleasantest and most read- 
able style, and at the same time there is evidence of the most careful 
research. — The Observatory. 

All the salient points of mathematicsJ history are given, and many 
of the results of recent antiquarian reaearoh ; but it must not be imagined 
that the book is at all dry. On the contrary the biographical sketches 
frequently contain amusing anecdotes, and many of the theorems men- 
tioned are very clearly explained so as to bring them within the grasp of 
those who ace only acquainted with elementary mathematics.' — Nature. 

Le style de M. Ball est clair et iMgant. de nombreux apenjus rendent 
ladle de suivre le fil de son exposition et de fr^uentes citations permet- 
tent it oelui qui le dfsire d'approfoiidir les recheiihea que I'auteur n'a pu 

qu'effleurer Cet ouyraga pourra devenir tr&s utile oomme manuel d'his- 

toire des mathgmatiqnes pour les ^tudiants, et il ne sera pas d€plac6 dans 
' ■■■'■■■ - ■ iovaota. ^Bibtiotheca MathematUa. 



Tl th mod tl describes his work as a eompilation, but it is 

th ghlj w 11 Ig ted a due proportion is observed between the 

n part and h cession demands he does not hesitate to give 

dpel tjdm ton^ disputed point. Hia vecdiots in such 

t pp to t be^enerally sound and reasonable.. ..To many 

d h h t the ■ courage or the opportunity to tackle the 

p a Im f M ntucia or the (mostly) ponderous treatises of 

Cxeimac writ p 1 periods, it may be somewhat of a surprise to 

find what a wealth of human inter^t attaches to the history of so "dry" 

a subject as mathematics. We ace brought into contact with many re- 

mar^kable men, some of whom have played a great part in other fields, as 

the names of Gerbert, Wren. Leibnitz, Descartes, Pascal, D'Alembert, 

Carn t among others may testify an 1 vith at least one th irough black 

guard (Cardan) and Mr Ball s pages abound w th quamt and amusing 

touches characteribtio (f the authors under consideration or of the timea 

in which they lived — Mwu-heaUr haardi jn 

There can he no doubt that the author has done his work in a very 
excellent v.&i There is no one interested in almost any part of 
mathematics science who will not welcome such an exposition as the 
piesent at once popularly written and exact embiaeing the entire 
subject Ml Ball s work is destined to become a standard one on the 
auljeet~-T7^ CI sjorH rili 
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